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RESUME 
The theoretical part of thesis includes a critical 
review of the Chemistry of flavonoids, biflavonoids and their 
glycosides and highlights the recent advances in the analytical 
techniques such as TLC, UV, IR, ''H-NMR, ''^C-NMR and Mass 
spectrometry applied to their isolation and structure elucida-
tion. 
The other parts of thesis includes the work carried out 
"on the chemical investigation of the leaves of five plants", 
Taxonomical significance in some cases has also been discussed 
in brief. 
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ISOLATION AND CHARACTERIZATION OF FLAVONOIDIC AND NON-
FLAVONOIDIC CONSTITUENTS 
A number of flavonoids, biflavonoids, steroids, 
terpenoids and flavonoidic and non-flavonoidic glycosides 
were isolated from the following plants and their structxires 
elucidated by UV, IR, ''H-NMR, ''^C-NMR and Mass spectral studies. 
1. Juniperus pseudosabina Linn« (syn, J. indica) (Cupressaceae) 
2. Juniperus recurva (Cupressaceae) 
3. Cupressus lucitanica (Cupressaceae) 
4. Sterculia urens (Sterculiaceae) , >h'^  ^ ? ?^  
5. Salix babylonica (Salicaceae) 
1. JUNIPERUS PSEUDOSABINA LINN (SYN. J. INDICA) (CUPRESSACEAE) 
The phenolic extractives of the leaves of Juniperus 
pseudosabina Linn (syn, J, indica) after purification by solvent 
fractionation was refluxed with acetone, filtered and the filtrate 
concentrated to dryness to give a dark brown mass which responded 
to the usual colour tests for flavonoids. 
The crude flavonoidic mixture was purified by column 
chromatography followed by preparative TLC (silica gel, BDK, 
2 
benzene-pyridine- formic acid, BPF- 36:9:5) yielded three compact 
bands labe l led as Jp-I (R^ 0.16), Jp- I I (R^ 0.37) and J p - I I I 
(R„ 0.54) . The following flavonoidic compounds were i so la t ed 
(Counter Current Dis t r ibut ion , CCD separation and preparat ive TLC) 
and character ized by spect ra l s tudies of t he i r methyl and acetyl 
d e r i v a t i v e s , 
( i ) Jp - I a : 1-4 ' , II-V,1-5,11-5,1-7,II-7-Hexahydroxy ^ 1 - 3 ' , I I - 8 _ 7 
biflavone (amentoflavone) 
( i i ) J p - I b : I -4 ' , I I -4 ' , I -5 , I I -5 , I -7 , I I -7 -Hexahydroxy ^ I - 8 , I I - 8 _ 7 
biflavone (cupressuflavone). 
J p - I I 
*(iii) Jp-IIa (a) Mono-0-methyl amentoflavone 
*(iv) (b) Mono-0-methyl cupressuflavone 
(v) Jp-IIb II-4«,I-5,I-7,II-7-Pentahydroxy /"I-4«-0-II-6_7 
biflavone (hinokiflavone) 
Jp-III 
(vi) II-4',I-5,II-5,I-7-Tetrahydroxy-II-7-0-inethyl ^I-4«-0-II-6_7 
biflavone (isocryptomerin) 
* Detected by TLC 
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2. JUNIPERUS RECURVA (CUPRESSACEAE) 
The methanol extract of the leaves of J, recurva after 
usual purification was poured into water to give water insoluble 
and water soluble portions. 
Water insoluble portion 
The water insoluble portion on purification by column 
chromatography followed by preparative TLC (silica gel BDH, BPF-
36:9:5) yielded four chromatographically homogeneous fractions 
labelled as Jr-I (R^ 0.15), Jr-II (R^ 0.17), Jr-III (R^ 0.35) and 
Jr-IV (R„ 0.58). The following flavonoidic compounds have been 
isolated (CCD and preparative TLC) and characterized by spectral 
studies of permethyl ether and acetyl derivatives. 
Jr-I 
( i ) I-4' ,II-4' ,I-5,II-5,I-7,II-7-Hexahydroxy ^1-6,11-8_/ 
biflavone (agathisflavone) 
J r - I I 
( i i ) Jr-IIMI : I-4« ,11-4',1-5,11-5,1-7,II-7-Hexa-0-methyl 
^1-3',11-8_7bif lavone (ament of lavone hexametliyl ether) 
(iii) Jr-IIWII: I-4« ,11-4' ,1-5,11-5,1-7,II-7-Hexa-O-methyl 
^I-l3,II-8__7biflavone (cupressuflavone hexamethyl ether). 
Jr-II was thus a mixture of amentof lavone and cupressuf lavone. 
4 
J r - I I I 
(iv) II-4»,1-5,11-5,II-7-Pentahydroxy ^I-4'-0-II-6_7biflavone 
(hinokiflavone). 
Jr-IV 
(v) II-4«,I-5,II-5,I-7-Tetrahydroxy-II-7-0-methyl ^I-4'-0-II-6_7 
biflavone (isocryptomerin). 
Water soluble portion 
The water soluble portion was extracted with ethyl acetate 
which on concentration and purification by preparative paper 
chromatography yielded two flavonoid glycosides labelled as Jrg-I 
and Jrg-II, These were characterized by chromatographic and 
spectral studies of the glycosides and their hydrolysed products. 
Jrg-I 
(vi) Quercetin 3-0- p-D-glucopyranoside 
Jrg-n 
(vii) Quercetin 3 -0- oC -L-rhamnopyranoside 
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3. CUPRESSUS LUCITANICA (CUPRESSACEAE) 
The phenolic extractives of dried and powdered leaves 
of Cupressus lucitanica on solvent fractionation and col\:iim chro-
matography followed by preparative TLC (silica gel, BDH, BPF- 36: 
9:5) yielded four flavonoid components labelled as Cl-I, Cl-II, 
Cl-III and Cl-IV in the order of increasing R^ values. The follow-
ing flavonoidic compounds have been isolated (CCD and preparativ,; 
TLC) and characterized by spectral studies of their methyl ether 
and acetyl derivatives, 
Cl-I 
(i) Cl-IMI : 1-4',II-4',1-5,11-5,1-7,11-7-Hexa-0-methyl 
^"1-3 ' , I I -8_7bif lavone (amentoflavone hexamethyl ether) 
( i i ) Cl-IMII: 1-4' , II-4«,1-5,11-5,1-7,I l-7-Hexa-0-methyl 
^I-i3,II-8_7 biflavone (cupressuflavone hexamethyl ether), 
Cl-I was thus a mixture of amentoflavone and cupressuflavone, 
Cl-II 
( i i i ) I I -4 ' ,1-5 ,11-5,1-7 , I I -7-Pentahydroxy /"I-4«-0-II-6_7bif lavone 
(hinokiflavone) 
* ( iv ) Mono-()-methyl amentoflavone. 
* Detected by TLC 
6 
C1~III 
(v) 1-5,11-5,1-7,II-7-Tetrahydroxy-II-4« -0-methyl ^ I-4'-0-II-6_/ 
biflavone (cryptomerin-A) 
Cl-IV 
*ivi) Di-0-methyl hinokiflavone 
4, STSRCUIJA URSNS (STERCULIACEAE) 
The methanolic extract of the powdered air dried leaves 
of Sterculia urens after usual purification was poured into 
water to give water insoluble and soluble fractions. 
Water soluble portion 
The water soluble fraction was extracted with butanol and 
separated by preparative PC (BAW-4:1:5 ) followed by column 
chromatography (Polyamide) into two components Sug-I (R„ 0.46) 
and Sug-II (R^ 0.54). These were characterized by H-NMR and 
13 
•^ C-NMR spectral studies of its acetate and also UV spectral shifts 
studies of the glycoside as well as the hydrolysed products. This 
is the first exanple for the presence of flavonoid - diglycosides 
in the faimily sterculiaceae. 
* Detected by TLC 
S u g - I 
( i ) Quercetin 3-0-(6"-0-o^-L-rhamnopyranosyl)- p-D-
glucopyranoside. p^yj^ 
Sug - I I 
H CH 
OH ""^H 
( i i ) Kaempferol 3-0-(6"-0-oC-L-rhamnopyranosyl) - p -D 
glucopyranoside. 
0-y^oH 
? ^ 
OH H 
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Water insoluble por t ion 
Water insoluble port ion on pxorification and preparat ive 
TLC examination over s i l i c a gel yielded four non-flavonoidic 
f rac t ions Su-I (R^ 0.05) , Su-II (R^ 0.16), Su-III (R^ ^ 0.55) 
and Su-lV (R» 0,58) (petrol-benzene,1:1) . The following compounds 
have been i so la ted (preparat ive TLC) and characterized by t h e i r 
spec t ra l s tud ies . 
Su-I 
( i i i ) p - s i t o s t e r o l 
Su-II 
( iv ) p~amyrin 
Su- I I I 
(v) Ester of t e rephtha l ic acid 
Su-IV 
(v i ) 3-acetyl p -amyrin 
9 
5. SAUX BABYLONICA (SALICACEAE) 
The methanolic extract of defatted leaves of 
Sterculia urens after purification by solvent fractionation was 
treated with ethyl acetate to give ethyl acetate insoluble and 
ethyl acetate soluble fractions. These fractions were analysed 
separately. 
Ethyl acetate insoluble portion 
The ethyl acetate insoluble portion on repeated column 
chromatography (silica gel) yielded three non-flavonoidic glyco-
sides labelled as Sbg-I, Sbg-II and Sbg-III in the decreasing 
order of R^ values (TLC, silica gel BDH, EtOAc- MeOH- H2O-8:1:1). 
Sbg-1 was identified as a new compound, benzyl ester of gentisic 
acid 2'-0-acetyl p-D-glucoside, Sbg-II as benzyl ester of gentisic 
acid (trichocarpin) and Sbg-III as salicin by spectral (IR, H-NMR, 
Mass), hydrolytic and chromatographic studies of the glycosides. 
Sbg-I 
( i ) Benzyl es te r of gen t i s i c acid 2 ' -0-ace ty l p -D-g lucos ide , a 
new phenolic glucoside. 
19 
CH2OH 
Sbg-II 
( i i ) Benzyl ester of gentisic acid p-D-glucoside 
(Trichocarpin), 
Sbg-III 
(iii) Salicin 
Ethyl acetate soluble portion 
The ethyl acetate soluble portion was chromatographed over 
silica gel column using organic solvents in the increasing order 
of polarity, as the eluant, Elution of the column with petrol-
benzene (1;1) yielded a colourless solid compound, Sb- X which was 
11 
identified as ester of terephthalic acid (R^ ,inp, mrap, and 
spectral data). The fractions obtained with benzene-ethyl acetate 
(3:7, 1:^ iand 1:9) gave positive tests for flavonoide glycosides. 
The concentrate of these fractions was subjected to preparative 
paper chromatography (Whatiaan No. 3, 15% acetic acid) to yield 
three flavonoid components labelled as Sb^g-I (R^ 0.13), Sbj^ g-II 
(R^ 0.23) and Sb^ -Hi (R^ 0.34). These were identified by chro-
matographic and spectral studies of the glycosides as well as the 
hydrolysed products. 
Sb-X 
(iv) Ester of terephthalic acid 
Sbfg-I 
(v) Kaenpferol T-O-glucoside 
Sbfg-II 
(vi) Apigenin 7-0- ^-D-galactoside 
Sbjg-III 
(v i i ) Luteolin 4«-0-glucoside. 
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THEORETICAL 
1 
The field of flavonoids is one of the most 
fascinating areas of 'Natural Product Chemistry'. 
Flavonoid compounds have always been the focus of atten-
tion of inquisitive minds. Hundreds of new flavonoids 
are being discovered every year from natural sources and 
many of them being synthesized. The study of their stereo-
chemistry, physiological activity and biosynthesis is 
augmenting the horizons of this field, 
"The term flavonoid covers a large groxjp of natu-
rally occurring conpoimds in which two benzene rings are 
linked by a propane bridge i.e. having %~C,-Cg carbon 
skeleton except in isoflavone in which the arrangement is 
C^-C-C-C. 
The importance of flavonoidic conpounds in the 
tanning of leather, the fermentation of tea, the manufac-
ture of cocoa and in the flavoiir qualities of foodstuff 
1 a b is well established » . Certain flavonoids are among the 
2a 
earliest known natural dyestuffs . They are widely used 
as antioxidants for oils and fats. Among the physiologi-
cal activities of flavonoids * , include vitamin P activi-
ty, diuretic action, treatment of allerg^ >r, radiation 
2 
injuries, antibacterial activity, prophylactic action, 
3 
oestrogenic activity, antitumour effects and anti-
4 
cancer property , The study of distribution of flavo-
5 6 
no ids in plants is of great chemotaxonomic value ' , 
Recent addition to this class is biflavonoids 
which are derived from two flavone or flavanone or 
flavanone-flavone units and have been mostly isolated 
from gymnosperms. Among the angiosperms, some plants 
belonging to the family Guttiferae*^'^, fiuphorbiaceae^'''^, 
Caprifoliaceae , Ochnaceae , Anacardiaceae and some 
ferns belonging to Selaginellaceae have been foimd to 
contain biflavonoids. 
CLASSIFICATION OF BIFLAVONOIDS 
All the biflavonoids known to-^ate may be classi-
fied into two main gro\;?)S. 
I. C-C linked biflavonoids 
II, C-O-C linked biflavonoids 
I . C-C linked Biflavonoids: 
Depending upon the nature of the cx)nstituent 
monomeric xonits and the pos i t ion of l inkage, we have 
d i f f e r en t s e r i e s . 
1, Amentoflavone se r ies 
These are derived from two apigenin un i t s with 
^ 1 - 3 ' , IIS^J l inkage and are represented by seventeen 
members with amentoflavone (1a) as the parent conpound. 
3 
/^o N^^^N-0 
( 1 ) 
(a) Amento-flavone 
(b) I-7-O-Methyl- ^^^^o 
(Sequoia flavone) 
(c) I-4'-0-Methyl-
(Bilobetin)^ '^^ '' 
h ^ ^ % -5 -6 R/ 
H H_ H H H 
R^  R 
K H 
CH, H H H H H H 
H H H H CH, H H 
4 
1^ 2^ 3^ 4^ ^ 6^ R 
d) II-7-0->iethyl- 22 23 H CH^ H H H H H 
(Sotetsu flavone) 
e) II-4»-0-Methyl- 24,25 " " " " H CH^ H 
(Podocarpus flavone-A) 
£) I-4',I-7-Di-0-inethyl- CH, H H H CH^ H H 
(Ginkgetin)''^'^''"^^ 
g) I-4»,II-4«-Bi-0-ni.?thyl- K H K H CH^ CHj H 
(Isoginkgetin)''^ '^ ''»^ ^ 
h) II-4«,I-7-Di-0-j ie thyl-2^ CH, H H H H CH, H 
(Podocarpus flavone-B) 
27 
i ) 1-4' ,11-7-01-0-methyl- H CIL H H CH, H H 
0) I-7,II-7-Di-0-niethyl-^^ CH, CH^  H H H H H 
k) I - 4 « , I I - 4 ' , I - 7 - T r i - 0 - CH, H H H CH, CH, 
m e t h y l - I Q 01 PA ? A 
(Sciadopitysiii)^^-21,24,26 
H 
1) I - 4 » , I I - 4 « , I I - 7 - T r i - 0 - H CIL H H CH, CH, H 
met tyl - ^ ^ ^ 
(Kayaflavone)^'^'^® 
m) I I - 4 ' , I - 7 , I I - 7 - T r i - 0 - CH, CH, H H H CJL H 
methyl- :> 0 0 
(Heveanavone)''°^»^^ 
H H CH, H H n) I - 4 » , I - 7 , I I - 7 - T r i - 0 - CH, CH,   , 
oethyl23 -5 ^ ^ 
o) 1-4 ' ,11-4• ,1-7 ,11-7- CH, CK, H H CH, CH, 
Tetra-O-methyl-30-32 J5 ^ :> 0 
H 
R ^
 R2 R3 R4 R5 R5 
(p) 1-4',II-4«,1-5,11-5, CH, CH, CH, CH, CH, CH, H 
I-7,II-7-Hexa-0-inethyl- :> D o :> o :> 
33 (Dioon flavone) 
(q) I-7-0-Methyl,I-6-C- CH, H H H H H CH^ 
methyl-^^ 
Sotetsuflavone has been reported as the sole 
2? 
biflavone constituent of Cvcus revoluta ". However, re-
investigation of this plant revealed that the reported 
Sotetsuflavone is a mixture, major part of which is 
amentoflavone and minor coii|)onents are methyl ethers of 
amentoflavone *-^  , IX-7-O-Methyl amentoflavone (ld) has, 
however, been recently isolated from Araucaria excelsa 
Lamb •^ . 
35 2. Dihydroamentoflavone series"'^  
These are derived from a naringenin and an apige-
nin units with ^ 1-3', 11-6^7 linkage and are represented 
by four members with I-2,3-dihydroamentoflavone (2a) as 
parent conpoxind. 
6 
0 - ^ V-OR 
OR3 %0 
(2) 
(a ) I-2,3-i)ihydroamento-
navone^^ '5^^ 
(b) I I -4» , I I -7 -Di -0 -
(c) I - 7 , l - 4 i , i i - 4 « - T r i - 0 -
R^  R2 IEI5 R4 R5 Rg 
H H H H H H 
H C H , H H H CH, 
CH, H H H C H , CIL 
(d) I - 4 » , I I - 4 ' , 1 - 5 , 1 1 - 5 , c: 
1-7,II-7-Hexa-O-methyl-
36b ^ ^ ^ ^ ^ 3 ^"3 CH3 CH3 
7 
3. Tetrahydrpamentoflavone series 
Three new closely related blflavaaones A,B and C 
have been isolated from defatted nuts of Seme carp us 
ana card ium Linn^. The first of these has been charac-
terized as its methyl ethers A. and k^* 
(3) 
R 
(a) 1-7,1-4',II-4«-Tri-0-methyl-I-5,11-5, 
11-31-trihydroxy ^"l-3 ' , II-8_7 
biflavanone (A.) 
(b) I-7,I-4«,II-4»,II-3*-Tetra-0-methyl-
I-5,II-5-dihydroxy ^ I - 3 ' , I I - 8 _ 7 
biflavanone (A^) 
H 
'«3 
8 
The biflavanones B & C have also been characteriz-
ed as their methyl ethers. Suggested structures are 0-
metl:yl derivatives of ^1-3', Il-8_7 binaringenin (A) for 
the former and ^I-3',II-6_7 biliquirtigenin (5) for the 
latter. 
w 
(4) 
(5) 
9 
Reinvestigation o-C Semecarpus anacardium revealed 
that the reported biflavanones related to (3) and (5) 
could not even be detected. The formation of partial 
methyl ethers of ^1-3* ,II-8_7linked binaringenin (4) 
37 
and £"I-3*,II-6_7 linked binaringenin are reported by 
methylation using diazomethane, Tetralnydro amentofla-
vone (4) has, however, been recently isolated from 
Taxicodendron radicans 38 
4, Semecarpuflavanone 39 
This has recently been isolated from nut shells 
of Semecarpus anacardium. 
(6) 
10 
5. Galluflavanone 40 
This biflavanone has also been isolated from the 
alcoholic extract of the nut shells of Semecarpus 
anacardium L, 
(7) 
6. Strychnobiflavone 41 
A new biflavone has been isolated from the 
leaves of Strychnos p seudoquina (LogaJiiaceae) 
(8 ) 
7 . Cupresstiflavone se r ies 
U 
These are derived from two apigenin xinits with 
£ 1-8, II-8_7 linkage and are represented by eight 
members, CvQ)ressuflavone (9a) is the parent conpound 
while the other seven are its partial methyl ethers. 
12 
(9) 
R. «2 «3 R/ "S 
H 
H 
CH^  
CH, 
H 
H 
H 
ca. 
H 
H 
H 
H 
H 
H 
H 
H 
H 
CH, 
H 
H 
K 
H 
H 
H 
42 
(a) C^ pressuflavone 
(b) I-4'-0-Methyl-^ ^ 
(c) I-7-0-Methyl-^ »^^ ^ 
(d) I-7,II-7-Di-0-
(e) I-4',I-7(or II-4', 
I-7)-Di-O-methyl-^ ^ 
(f) I-4',I-7,II-7-Tri-0-
methyl^ *^  
(g) I-4',II-4«,I-7.II-7-
Tetra-0-methyl-
*(h) I-4«,II-4«,I-5,I-7, CHj CH^ CH^ H CH^ CH, 
CH^ H H H CH, / CH, 
CH^ CH^ H H CH, H 
CH, CH, H H CH, CH, 
II-7-Penta-O-inethyl, 
•Synthetic 
13 
Subramanyam e t a l , have reported the i so la t ion o-f 
48 I-2,3-<iihydro cijpressuflavone-Mesusiferone-B (10) and 
I -2 ,3 , I I -2 ,3 - t e t r ahydro c^pressuflavone-Mesuaferone-A 
(11). 
OH 
49 
(10) 
(11) 
14 
8. Agathlsflavone series 
These are derived from two apigenin units with 
/"1-6,11-8 7 linkage, and are represented by seven 
members with agathisflavone (12a) as the parent conpovmd, 
(12) 
2^ ^ \ ^ R/ 
46 '^S 
(a) Agathisflavone *^ ^ 
, , 32,44,45 
(b) I-7-O-Methyl-
44 
(c) I-7,II-7-Di-C-methyl- CH, CE^ 
(d) II-4',I-7-Di-0-
methyl-^^'^^ 
(e) II-4',1-7,11-7-
Tri-O-methyl-^^ 
(f) 1-4',II-4',1-7,11-7, 
Tetra-0-methyl-^ '' 
(g) I-4»,II-4',1-5,11-5, 
I-7,II-7-Hexa-0-
methyl.52b,50,52 
H 
CH, 
CHj 
CH, 
CHj 
CH^ 
H 
H 
CHj 
H 
CH3 
CH^ 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
CH3 
H 
H 
H 
CH^ 
cv^ 
CH3 
C}^ CHj CB^ C ^ CH^ CHj 
15 
I-2,3-Dihydroagathisflavone and tetrahydroagathis-
5^ a 53b 
flavone known as Rhusflavone -"^  (13) and Rhusflavanone "^  
(14) have been isolated from the seed kernel o£ Rhus 
succedanea. 
(13) 
(14) 
16 
9. SuccedaneaXlavanone 53c 
This is derived from two naringenin xmits with 
^I-6,II-6_7 linkage, Succedaneaflavanone is the only 
member of this groi^ ) isolated so far. 
(15) 
10. Robustaflavone series 54 
These are derived from two €5)igenin units with 
£"1-3'tll-6_7 linkage and are represented by three 
members. Robustaflavone is the parent conpound and the 
other two are its mono- and dimethyl ethers, characteriz-
54 
ed only as their conplete methyl ethers , 
17 
(16) 
Recently Chatterjee et al, have isolated 
56 
abiesin''^  (17) from Abies webbiana. 
OCH-
(17) 
18 
11, GB Series 
These are derived from naringenin linked with 
naringenin or aromadendrin or taxifolin or eriodictyol 
through ^ I-3,II-8_7 linkage. 
(18) 
(a) GB-I^ '57-59 
(b) GB-1aQ»57-59 
(c) GB-2Q'57-59 
(d) GB=2a8'57-59 
(e) Kolaflavone^° 
R^  R2 R3 
OH 
H 
OH 
H 
OH 
H 
H 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
OMe 
19 
12. BGH se r ies 
These are derived from a naringenin and an 
apigenin or a lu teo l in un i t with ^ I - 3 , I I - 8 _ 7 linkage 
and are represented by BGH-III (I9g) and BGH-II (I9a) 
as the parent conpoimds respect ively . 
(19) 
R R^  R2 Rj R^  R^  R^ 
(a) BGH-II(Morelloflavone/ OH H H H H H H 
Pukugetln)'^*^^'^'' 
(b) II-3 '-0-Methyl- ' 61 OKie H H H H H H 
R R^  
20 
R2 R^  R^  R5 Rg 
*(c) II-A',I-7,II-7-Tri- ^ OMe Me Ke H H h Me 
O-inethyl-II-3' -methoxy-
*(d) 1-4',II-4',1-7,11-7- OKe Me Me H H Me Me 
Tetra-O-methyl-II-3'-
methoxy- -^  
• (e) 1-4',11-4',-1-7, II-7, OMe Me Me H Me Me Me 
II-5-Penta-O-methyl-
II-3*-methoxy-^^ 
*(f) I-4',II-4',I-5,I-7, OMe Me Me Me H Me Me 
II-7-Penta-O-methyl-
63 II-3'-methoxy-
(g) BGH-III(Talbotanavone/ H H H H H H H 
Volkensiflavone )'^ '^ » ^ ^ 
* Synthetic 
7 
Two new biflavones , WGH-II and WGH-III have been 
synthesized by dehydrogenation o£ BGH-II and BGH-III respec-
t i v e l y . 
21 
(20) 
(a) R = OH, I I - 3 ' , 1 - 4 ' , I I - 4 ' , 1 - 5 , 1 1 - 5 , 1 - 7 , I I - 7 - H e p t a -
hydroxy (^1-3,11-6,J biflavone (WGH-II or Saharan-
r i avone) ' 
(b) R=H, 1-4 ' , II-4 ' ,1-5,11-5,1-7,II-7-Hexahydroxy 
^ I - 3 , I I - 8 7 b i f l a v o n e (WGH-III)'^ 
22 
13. Taiwania flavone ser ies 
These are derived from two epigenin un i t s with 
^""1-3 ^Tl-'bJ linkage and are represented by three 
members with Taiwania flavone as the parent conpound 
(21a). 
ReO 
(21 ) 
6fi 
(a) Taiwania flavone 
(b) I-7-O-Methyl- or 
II-7-0-Methyl-66 
(c) I-7,II-4«-Di-0-
methyl-^^ or II-7, 
II-4»-Di-O-methyl-66 
R 1 ^ ^ ^ ^ 
H H H H H 
R^  
H 
Me/ Me H H H H 
Me/ Me H H H Me 
23 
14. 1-4*,I-5,II-3,I-7,II-7-Pentahydroxy flavanone 
^ I-3,11-e_7Chromone^'7 
This confound is a dimer of naringenin and 5,7-
dihydroxy chromone with ^ 1-3,11-8^7 linkage and has been 
isolated from the leaves o-f Garcinia dulcis Kurz. Its 
isolation has introduced a new series conprising of 
flavanone - chromone structure. 
(22) 
24 
II. C-O-C Linked Blflavonoids 
15. Hlnokiflavone series 
These are derived from two aplgenln units with 
^"I-4'-0-II-6_7linkage. Hinokiflavone (23a) is the parent 
conpoiind with seven others as its partial methyl ethers. 
Earlier hinokiflavone and its derivatives were assigned 
/ I-4»-0-II-8 7 linkage which has later been revised to 
/:i-4'-0-II-6_7^9-72. 
/^ \_0 
(23) 
(a) Hinokiflavone^'^^'"^^ 
(b) I-7-O-Methyl-
(Neocryptomerin) 2k 
^ 
H 
Me 
«2 
H 
H 
h 
H 
H 
\ 
H 
H 
h 
H 
H 
25 
^1 ^ ^ ^ ^ 
(c) II-7-O-Methyl- H Fie H H H 
70 (Isocryptomerin) 
(d) II-4«-0-Methyl- H H H H Pie 
71 (Cryptomerin-A) 
(e) 11-7,11-4'-Di-0- H Me H H Me 
methyl (Cryptomerin-B)' 
( f ) I -7 , I I -7-Di-0-methyl- Me Me H H H 
(Chamaecyp ar in) 
*(g) I-7,II-4»-Di-0-methyl- '^' '^ Me H H H Me 
*(h) 1-7,11-7,11-4*-Tri-0- Me Me H H Me 
methyl-'^'' 
•Synthe t ic 
16, 1-2.3-Qihvdrohinokiflavpne 
This flavanoflavone has been isolated from 
Metasequoia glvptostroboides and Cycus ;^)ecies and i t i s 
73 74 the only member o-f t h i s groi?) * . 
(24) 
17. Ochnaflavone series 
28 
These are derived from two e^jigenin un i t s with 
^ 1-3'-0-II-4* ^ l i n k a g e , Ochnaflavone (25a) i s the 
parent conpound with f ive others as i t s metl^lether 
de r iva t ives . 
27 
(25) 
12 
(a) Ochnaflavone 
(b) I-4»-0-Methyl-' '^ 
(c) II-7-O-Kethyl-
(d) I - 7 , I - 4 ' - D i - 0 -
*(e) I - 4 « , I - 7 , I I - 7 - T r i -
0-methyl-^''^ 
*{£) 1-4 ' ,1-7 ,11-7,1-5 , 
II-5-Penta-O-methyl-
«1 
H 
H 
H 
Me 
Me 
h 
H 
H 
Me 
H 
Me 
^3 
h 
h 
H 
H 
H 
^4 
H 
H 
H 
H 
H 
•S-
H 
Me 
H 
Me 
Me 
Me Me Me Me Me 
12 
•Synthet ic 
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THE GLYCOSIDES 
The term glycoside was adopted to embrace a 
l a rge and remarkably var ied gcovp of organic compounds 
which on hydrolysis y ie ld , in addit ion to sugar, other 
substances frequently of aromatic nature . The non 
sugar pa r t (aglycone) may include a wide var ie ty of 
compounds occurring in na ture . In the case of flavonoid 
glycosides, t h i s moiety i s generally a phenolic compound, 
A la rge number of glycosides which were i so la ted from 
na tu ra l sources were characterized e i the r as -0- l inked or 
C-C linked glycosides. 
The flavonoid glycosides also occur in acylated 
form with acid such as p-coumaric, ca f fe ic , s inapic , 
f e r u l i c , g a l l i c , benzoic, p-hydroxybenzoic, ace t i c and 
malonic ac ids . Of these , the most frequently found are 
p-coumaric and f e ru l i c ac ids , Acylated glycosides may be 
recognized by t h e i r high chromatographic mobility on paper 
i n solvents such as 159fi ace t i c acid and phenol and low 
mobili ty in water when compared with the corresponding un-
acylated glycosides, 
Acylated glycosides have also d i s t i n c t i v e spec t ra l 
p rope r t i e s ; those acylated with aromatic acids are readi ly 
dis t inguished by UV spectroscopy, since the aromatic acid 
29 
absorption siperimposed on the normal f lavonoidic 
spec t r a l bands. The acyl group can then be removed by 
mild a lka l ine hydrolysis and the acid present i s recovered 
and iden t i f i ed by standard procedures. 
In acylated glycosides, there i s lisually only 
one acyl group and t h i s i s almost invariably attached to 
one of the sugar hydroxy Is and i s not d i r ec t l y linked to 
t he flavonoid skeleton. 
18, Quercetin-Galactoside-Gallate 75 
Quercetin-3-P -D-galactopyranoside-2' ' -gallate (26a) 
and querc et in-3 - ^ -D-galactopjrrano s ide-6 " - ga l la t e ( 26b) hav e 
been i so la t ed from Euphorbiacean verrucosa and E, p la t iphy l los 
r e spec t ive ly . 
°^ o 
X 
H2-0H 
(26a) 
30 
o^. 
> 
HO '/ \N 
>^ ^ 
''-"-"•'it: •0-"2 
o 
X 
(26b) 
19. Isorhamnetln-3-0-^6"-0-acetyl_7glycoside 
The f lavonol-0-acyl glucoside (27) has been 
76 
i s o l a t e d from Sal ix v imina l i s . 
H3C-
31 
(27) 
20, Vitexin-'2"-0-p-hydroxy benzoate .77 
The flavone-0-acyl glycoside (28) has been 
i s o l a t e d from piarir i wood (Vitex lucens) 
32 
(28) 
21 , Naringenin-7-0-£"6''-0-p-couinaryl^7- P-D-glucos ide 
78 Rahman et a l . have i so la ted an acylated flavanone 
glycoside (29) from nutshe l l of Anacardiian occidentale . 
OH 
HC=HC-^' ' \ 
0 
11 C 0 
(29) 
33 
^^J9 22, Naringenin-7-0- ^  -D-^6"-0-galloyl_7-glucopyranoside 
The flavanone-0-acylglycoside (30) has been isola-
ted from the pods of Acacia farhesiana. This is the 7-0-
glucoside of naringenin in which gallic acid is attached 
with S^-hydroxyl of sugar. 
(30) 
23. Linarin-O-2-methvlbutyrate 80 
This i s the f i r s t report of the occurrence in 
nature of a flavonoid glycoside acylated with 2-methyl-
butyric acid. This has been isolated from Valeriana 
wal l ichi i . 
34 
OCH. 
(31) 
( a ) R^  = H; R2 = Et (Me) CH-CO 
(b) R2 = H; R^  = Et (Me) CH-CO 
Two acylated flavanone glycosides namely 
Pinocemberin-7-O-P-(3" ' -0-acetyl) neehesperidoside (32a) 
and Pinocemberin-7-O-p-(6 ' ' -0-acetyl) neohesperidoside 
(32b) have been i so la ted from Nierembergia hippomonica 81 
"^^ 
OR, OR, 
(32) 
a, » R3 « H; 
R^  - R2 = H; 
R2 » Ac 
Rj = Ac 
82 24, Acylated Allose-containing 8-hydroxy flavone glycoside 
A novel flavone glycoside has been isolated from the 
whole plant of Vernonica filiformis and identified as isocu-
tellarein-4'-methyl ether 7-0-^ - (6 '"-0-acetyl-2"-0-p -
a l losyl glucoside). 
36 
OCH. 
R a 6-0-ace ty l -p - D-a l lo sy l -p - D - glucosyl 
(33) 
25. Acylated Kaempferol Glycosides from Aconitim sps. 83 
Four acylated Kaenipferol glycosides have been 
i so l a t ed from Aconitum noveboracense and A, colinnblanum. 
( I ) Kaenrpfero 1-3-(caffeyl glucoside)-7-glucoside * 
( I I ) Kaen5)ferol-3-gentiobioside-7-(caffeyl arabinosyl 
rhamrroside) 
( I I I ) Kaei35)ferol-3-glucoside-7-(p-coumaryl glucoside) 
( rv) KaQiipferol-3-(p-coumaryl ru t inos ide)-7-glucos ide . 
37 
26. C-glycosides from Swertia .japonica 
Komatsu et a l , have reported two C-glycosides 
8Aa 
( i ) 6-C-p -D-glucopyranosyl genkwanin (swert is in) and 
( i i ) 6-C-B-D-glucopyranosyl luteolin-7-methyl ether 
(swert ia Japonin) from the herb of Swertia .japonica. 
(34 ) 
27. Biflavonoid Glycosides 
M, Konoshima et a l . 63,85 have iso la ted fukugiside 
(35a) and sp ica tas ide (35b) from Garcinia spica ta and 
xanthochymusside (35c) from Garcinia xanthochymus. 
38 
(35) 
(a ) Fiokugiside; R^  = OH; R = J3-D - Glucosyl 
(b) Spicataside; R^  = H; R = ^ - D - G l u c o s y l 
(35c) 
( c ) Xanthochymusside; R = p - D - Glucosyl. 
39 
28, C1-3, II-8_7-Binaringenin-II-7-0- p -Glucoside' 86 
A new blflavamone glucoside (36) has very recently 
been i so la ted from Garcinia mult i f lora . 
ovY/ VoH 
(36) 
R = Glucosyl. 
87 29. Amentoflavone-0-gluco s ide 
Wallace and Markham have reported a s e r i e s of 
amentoflavone-0-glucosides from three species of 
P s i l o t a l e s , an order t ha t shows one of the most pr imi t ive 
organizat ion of any l iv ing vascular p l an t . However, these 
40 
authors could not es tabl i sh the glucosyl pat tern in the 
compound and suggested the s t ruc ture as mono- ,d i - , t r i -
and te t ra-0-glucosides of amentoflavone, 
88 30, Tetrahydro hi.nokiflavone-C-glycoside 
88 Murthy et a l , have recent ly i so la ted occidento-
side a biflavonoid-C-glycoside in which a flavonone un i t 
i s l inked with a chalcone un i t via C-O-C linkage from de-
f a t t ed nuts of Anacardium occidentale l i n n . This consti-
t u t e s the f i r s t example of biphenyl ether type biflavone 
glucoside with reduced heterocycl ic r ing system. 
41 
Optical activity In Biflavonolds 
, The optical activity in biphenyls is due to the 
restricted rotation of the biphenyl system with suffici-
ently large ortho substituents. This phenomenon is knovoi 
as 'atropisomerism'. The biflavonolds belonging to amento-
flavone, ci^ressuflavone and agathisflavone series incor-
porated a biphenyl system in which atleast three out of 
four ortho positions are substituted. These ortho substi-
tuents interfere with one another in coplanar positions and 
are comfortable only in non-planar positions. Complete 
rotation is, therefore prevented and optical resolution 
becomes possible. However, in fiikugetin and the members 
belonging to GB-Series, the optical activity may either be 
due to asymmetric centre (C,) alone or to both the asymmetric 
centre and restricted rotation, A large number of optically 
active biflavonoids are listed in Table-I, 
42 
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STRUCTURE DETERMINATION OF BIFLAVONOIDS 
The problem of structure determination of bifla-
vonoids is a complex one because of (a) occurrence of 
more than one biflavonoid in chromatographically homo-
geneous fractions with the consequent difficulty in their 
isolation in pure form, (b) insolubility in the usual 
organic solvents, (c) the difficulty in the exact location 
of O-methyl groins in psurtially methylated derivatives of 
biflavonoids and (d) the intricate problem of establishing 
the interflavonoid linkage. 
There are various methods generally used for struc-
ture determination, such as colour reactions -^, degrada-
15 26 ?R 
tion '^» ' , physical methods and syntheses. 
Methyl ethers and acetates are usually prepared 
from the parent and partially methylated natural biflavo-
noids. Characteristic shades in UV light and R^ values on 
TLC provide fairly accurate method for identification of 
the type of biflavonoids. The final identification is done 
by con5)arison of the compounds with authentic samples. 
Co-chromatography, mixed m.ps of the substance 
and its derivative, UV, IR, NMR and mass spectrometry are 
employed for the structure elucidation. Structure can 
finally be sipported by synthesis. 
44 
Physical Methods 
The physical methods generally employed in the 
i den t i f i ca t i on and s t ruc tu ra l analysis of p lant pigments 
are chromatography^^"^^, UV^ ,^ IR^^»^ , NMR spectroscopy 
and mass spectrometry. Among these methods UV, NMR, and 
mass spectrometry are most dependable tools for the 
s t ruc tu re determination of flavonoids. 
Ul t rav io le t Spectroscopy 
The UV spectra of flavonoids have been thoroughly 
93a Q3b 
studied and reviewed by L. Jurd-^'^ and T.J, Mabry^ , 
Flavones and flavonols generally exhibit high i n t ens i t y 
absorption in the 320-3S0 nm region (Band- I ) and the 
240-270 nm region ( B a n d - I I ) . The pos i t ion and in tens i ty 
of the K max of each of these bands var ies with the r e l a -
t i v e resonance contribution of the benzoyl (37a), 
cinnamoyl (37b) and pyronering (37c) groupings to the 
t o t a l resonance of the flavone molecule. 
(37a) (37b) (37c) 
45 
Although these groi?>ings i n t e r ac t , the spectra 
of subs t i tu ted flavones and flavonols in the neutral 
and a lka l ine solut ions suggest tha t Band-I i s associated 
chiefly with absorption in the cinnamoyl groining and 
Band-II with absorption in the benzoyl groi^ing^-'. Thus 
t he introduct ion of electron donating groins such as 
hydroxyl into the B-ring increase i t s r e l a t i v e resonance 
contr ibut ion and consequently produce considerable batho-
chromic sh i f t s of Band-I, Introduction of hydroxyl or 
methoxyl groi5)S into the A-ring, on the other hand p r i -
marily increases the resonance contr ibut ion of t h i s r ing 
and tends to increase the wave length and in tens i ty of 
maximum absorption of Band-II, Various diagnostic sh i f t 
reagents such as AlCl, , sodixjm ace ta te , sodium ethoxide and 
bor ic acid-sodiim aceta te have successfully been used for 
t h e loca t ion of hydroxyl groups a t C-5 & C-3, C-7, C-4' & 
C-7 and ortho pos i t ions , 
UV spectra of Biflavonolds 
The UV spectra of biapigenin or binaringenin type 
bif lavonolds and t h e i r der iva t ives are very s imi lar to 
those of const i tuent monomer tmi t s , with only difference 
t h a t the molecular ext inc t ion coeff ic ients of biflavonolds 
a re approximately double as con5)ared to the corresponding 
monomers. The effect of sh i f t reagents on the spectra of 
biflavonolds are s imilar to those of monomers. The d i f f e -
rence in a c t i v i t y of hydroxyl groi5)S may a r i s e due to 
S t e r i c f a c t o r s . 
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H-NMR Spectroscopy 
The appl icat ion of NMR spectroscopy has proved 
to be the most powerful tool in the s t ruc tu re determina-
t i o n of flavonoids. By the use of NMR s tudies of s i l y l 
96 32a 
der ivat ives^ , double i r r a d i a t i o n technique , solvent 
induced sh i f t studies^^^*'''^*^^, lanthanide induced 
98 
s h i f t s tudies (LIS) , nuclear overhZluser effect (n .o .e) 
13 99 
and •'^ C-NMR spectroscopy , i t has been poss ib le to e lu-
c ida te fu l ly the s t ruc tu re of flavonoids occurring even in 
minor quant i t ies without r e so r t to tedious and time consum-
ing chemical degradation and synthesis , 
< 
The valuable contr ibut ion in t h i s f i e l d has been 
made by Batterham and Highet''*^^, Mabry^^'''*^'', Massicot""^^, 
Clark-Lewis''°^, Kawano^^*^^, Pe l t e r and Rahman^''»^^. The 
most commonly occurring hydroxylation p a t t e r n in natural 
flavonoids i s 4 ' , 5 , 7*trihydroxy system (38) . 
(38) 
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The chemical sh i f t s of the protons of r ings A 
and B prove to be independent of each other , but are 
affected by the nature of ring-C . The peaks a r i s ing 
from ring-A in most flavonoids occur iqjfield from the 
other peaks and are readi ly recognised. Thus examina-
t i o n of an unfamiliar spectrum wi l l commonly s t a r t by 
the recognit ion of these peaks, which wi l l often allow the 
nature of r ing A and C, and the class of compound, in 
hand, to be inferred. The remaining peaks in the aromatic 
region wi l l reveal the pa t t e rn of oxygen subs t i tu t ion of 
r ing-B, and confirm the nature of ring-C. The recent 
technique of preparing s i l y l ether der ivat ives for NMR 
studies has not only overcome so lub i l i ty problem but also 
has contributed towards the s impl i f icat ion of spectra . 
The two A-ring protons of flavonoids with the 5 ,7-
101 hydroxylation pa t t e rn give r i s e to two doublets 
(J . = 2,5 Hz) between 5 6-6,7 from tetramethylsi lane 
(TMS), These a re , however, small but predic table va r i a -
t ions in the chemical sh i f t s of the C-6 and C-8 proton 
s ignals depending upon the 5- and 7-subs t i tuents , 
In flavanones, the 6 ,8 - protons give a s ingle peak 
near 8 5.95; with the addi t ion of a 3-hydroxy group 
(flavanonols) the chemical sh i f t s of these protons are 
s l i g h t l y a l te red and the pa t t e rn changes to a very strongly 
43 
coi$)led pa i r of doublets. The presence of double bond 
in ring-C of flavone and flavonols causes a marked down-
f i e l d shif t of these peaks, again producing the two 
doublet pa t t e rn (5 6-6.7» Jmeta ~ ^'^ ^^^ ° ^ "^^  ^~ ^^ 
8-protons, the l a t t e r appears downfield. 
All B-ring protons around 5 6 . 7 - 7 .7 , a region 
separate from the usual A- r ing protons. The signals 
from the aromatic protons of an unsaturated B- r ing in a 
flavanone appear as a broad peak, centred at about6 7.45. 
In flavones the presence of the C-ring double bond causes 
a sh i f t of the 2 ' ,6*-protons and the spectrum shows two 
broad peaks, one centred at 8 8.00 ( 2 ' , 6 ' ) and the other 
a t 7.6 ( 3 ' , 4 ' , 5 ' ) ' ' ° ° . 
With the introduction of a 4'-hydroxyl grovp, the 
B-ring protons appear effect ively as a four peak pa t t e rn . 
Such type of pa t t e rn i s cal led ApBp p a t t e r n . Introduction 
of one more subs t i tuent to ring-B gives the normal ABC 
p a t t e r n , The hydroxyl group increases the shielding on 
t h e adjacent 3 ' , 5 ' -p ro tons and t h e i r peaks move substan-
t i a l l y ip f i e ld . The 2»,6 ' -protons of flavones give s ignals 
centred at about 5 7.35. Introduction of 2,3-double bond 
(flavones and flavonols) again causes these protons to 
resonate a t much lower f i e l d ( 8 8 , 0 0 ) . 
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In flavones and isoflavones of normal structure, 
the olef inic protons give rise to signals near S ^ 'S ^^'^ 
88,3 respectively. The position of these olef inic peaks 
depends vpon the substitution of rings A and B, the elec-
tron donating groips causing ipfield shifts and the elec-
tron withdrawing groips causing downfield shifts. 
The spectra of flavanones (Saturated heterocyclic 
ring) contain typical ABX multiplets arising from the C-2 
proton and the two C-3 protons. The C-2 proton is split 
by the C-3 protons into quartet {J^^^ = 5Hz, J-^ a^ns - '^^^^ 
double doublet) and occurs near § 5,5, depending i^on the 
substitution of ring B, The two C-3 protons occur as two 
quartets (Jjj_3g^  H-3b = ''7 Hz ) at 8 3.0. However, they 
often appear as two doublets, since two signals of each 
quartet are of low intensity. The C-2 proton in dihydro-
flavonols appears near 8 4,9 as a doublet (J= 11 Hz) coipled 
to the C-3 protons which comes at about 8 4,2 as doublet . 
Methylation of a hydroxyl groip conunonly produces 
an ipfield shift (So,2 ppm) of the signals of ortho protons 
with a some what smaller effect on those of para protons and 
a little or no effect on the meta protons, Acetylation of 
the hydroxyl groi?), as expected, causes downfield shifts of 
the ring protons. 
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NMR Studies on Biflavonoids 
In the s t ruc ture elucidat ion of biflavonoids 
ce r ta in useful information can be obtained by comparison 
of NMR spectra of biflavonoids with those of t h e i r cor res -
ponding monomers. Such a choice, however, i s compelling 
but by no means i n f a l l i b l e . Comparison of the WR spectra 
of methyl and acetyl der ivat ives of a biflavonoid with 
those of biflavonoids of the same se r i e s as well as with 
those of biflavonoids of other se r i e s in which a t l e a s t one 
monoflavonoid uni t i s s imi lar ly cons t i tu ted , i s very he lp -
fu l in assigning each and individual proton and the p o s i -
t i o n of the methoxy groins. 
In biphenyl type biflavones such as amentoflavone, 
c\:5)ressuflavone, agathisf lavone e t c . the peak of the r ing 
protons involved in i n t erf lavonoid linkage appear a t some-
what lower f i e l d ( ^ 0,5ppm ) as compared with the peaks of 
t he same protons in monomer due to extended conjugation, 
32b I t has been observed"'^ , both i n biphenyl as well as 
i n biphenyl ether type biflavonoids t ha t the 5-methoxy group 
of an 8-linked mor^f lavonoid uni t i n a bif lavonoid shows 
above 84 ,00 i n deuteriochloroform in a l l the cases examined 
so fa r (Tab le - I I ) , This observation may be explained on the 
bas i s of extended conjugation, 5-niethoxy groip of an 8 -
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linked monoflavonoid unit in biflavonoids of BGH-series, 
WGH-series and GB-series does not show above 8 ^.00 as 
the linkage i s thix)ugh heterocycl ic r ing , 
TABLE-II 
Methoxy protons sh i f t ( 8-va lues) of fu l ly methylated 
bif lavonoids. 
Biflavonoids I-5-OMe II-5-OMe 
Amentoflavone ^ I - 3 ' , H - 8 _ 7 
Cipressuflavone ^ I - 8 , I I - 8 _ 7 
A gathisflavone ^ I - 6 , I I - 8 _ 7 
Hinokiflavone ^ I - 4 ' - 0 - I I - 8 _ 7 
GB- I / ' I - 3 , I I - 8 _ 7 
Fukugetin ^"1-3,11-8^7 
3.87 
4.15 ^ 
3.59 
4.00 
below 
below 
4.06 
4.15 
4.05 
4.08 
3.96 
3.93 
The problem of interf lavonoid linkage has success-
f u l l y been solved by: 
(a) Solvent induced sh i f t s tudies of methoxy resonances, 
(b) Lanthanide induced sh i f t s tud ies , and 
(c) ''^ C-NFiR Spectroscopy. 
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(a) Solvent Induced sh i f t s tudies of methoxy resonances 
I t has been observed by D.H. William and co-
104 workers tha t the pos i t ion and r e l a t i v e o r ien ta t ion of 
methoxy groups in methoxy flavones can be inferred from 
benzene-induced solvent sh i f t s of the methoxy resonances. 
The methoxyl a t C-5, C-7, C-2* and C-4« exhibi t la rge 
pos i t i ve A values, ( A-6CDC1, Sc^H^ =r 0.5 to 0,8 ppm) 
i n the absence of methoxy or hydroxyl subs t i tuents ortho 
t o these groi^js. This means t ha t the aforesaid methoxy 
s ignals move i5)filed in benzene r e l a t i v e to deuter iochloro-
form. The observation i s consistent with the formal a b i l i t y 
of a l l these methoxy groi^js to conjugate with the electron 
withdrawing carbonyl groip. This conjugation can lead to a 
decrease in 7; - electron density a t oxygen atoms of methoxy 
groips in question, and so enhance an associat ion with 
benzene at these electron def ic ient s i t e s with a resu l tan t 
increase in shielding effect . The C-3 methoxy resonances 
a r e in contrast deshielded or only s l i gh t ly shielded 
( A = -0 .07 to + 0,34) in benzene, suggesting tha t C-3 
methoxy groi^ in general prefers conformation indicated in 
(39) . Similarly a 5-methoxy groip in presence of a 5-
substutuent shows small pos i t i ve or negative solvent sh i f t 
i n benzene because a 6-subst i tuent should lead to a higher 
population of conformer (40). 
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COP 
0 
H3C 
(39) (40) 
In these conformations, the protons of the 
methoxy groip in question l i e in close proximity to the 
negative end of the carbonyl dipole which i s a region of 
s t rong deshielding due to benzene associa t ion a t the 
carbonyl gro\^. The methoxy grovps lacking one ortho 
hydrogen ( i . e . flanked by two ortho methoxy fimction) 
also show small pos i t ive or negative A values ( A5=» + 0,13 
to -0 .12 ppm) due to some combination of ( i ) s t e r i c inh ib i -
t i o n of benzene solvat ion of the cent ra l methoxy groL5). 
( i i ) reduction in solvat ion of the cen t ra l methoxy groi?) 
( r e l a t i v e to anisole case) due to the presence of two 
ortho electron-donating subs t i tuen t s , and ( i i i ) solvat ion 
of the outer methoxy groins, the stereochemistry of ben-
zene associa t ion being such as to place the cent ra l 
methoxy grov^ in a region of deshielding. 
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I t i s enrphasised tha t the 3ter ic fac tor , can not 
be the major influence, since an electron-withdrawing 
subs t i tuent ortho to a methoxy function increases the i p -
1 0 4 10*S f i e l d sh i f t which i s observed in benzene '^* ' ^ . 
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In amentoflivone''^,,cupressuflavone and hinoki-
flavone ^1-4 ' -0 -11-8^7 methyl e thers , a l l the methoxy 
grotps move \;5)filed ( — 5 0 - 6 0 cps) oh change of solvent 
from deuteriochloroform to benzene showing tha t every 
methoxy groip has a t l eas t one ortho proton and, therefore , 
a C-8 ra the r than C-6 linkage i s indicated. In aga th i s -
flavone hexamethyl ether, only f ive of the six methoxy 
groups show large i;pfield s h i f t s . One methoxy groip was 
unique, ipto 50% d i lu t ion with benzene no sh i f t was seen 
and then a strong downfield shi f t was evidenced. I t was 
reasonable to assume tha t the methoxy groxxp in question 
was the one a t C-5 flanked by ring-IIA on one s ide and a 
carbonyl groip on the other . Similarly in the case of 
hinokiflavone ^I -4 ' -0- I I -6__7 only four methoxy groips 
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move In f ie ld . 
Benzene induced sh i f t s have also been f-ound use-
f u l in the case of BGH-series, All the methoxy s ignals 
( 8 3 . 6 4 - 3.92) in BGH-II and BGH-III methyl ethers move 
upfield indica t ing tha t the flavanone subst i tuent i s a t 
C-8 ra ther than at C-6 of flavone uni t . 
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The benzene-induced solvent shi f ts A ( 8 CDC1,/C^H^) 
are appreciably enhanced by the addition of small quantity 
(3% v/v) of t r i f l uo roace t i c acid (TFA) to the solut ion of 
the con5)ound in benzene; apparently protonation of ce r ta in 
groups enhances the benzene associat ion a t these s i t e s . 
This technique helps to dis t inguish between methoxy groups 
which can conjugate with the carbonyl group (41) and those 
which can not conjugate (42) in the ground s t a t e . 
1 1 : > I I I 
C H , - 0 - C = C-C i O CH,-0 = C - C = C - 0 
(41) 
. . I I i CH, - 0 - C - C - C = 0 3 •* 1 I 
(42) 
Thus the bas ic i ty of the methoxy groijps not 
conjugated(42) with carbonyl groi?) i s greater than those 
which are conjugated (41) and so the.former w i l l be 
expected to give more pos i t i ve values of the TFA-addition 
shif t ' '^^ A CgHg/ CgHg+TFA. • The TFA- induced solvent 
s h i f t s r / \ i CDCl,/ TFA)_7 of a 5-methoxy gcoxjp has a re la-
t i v e l y la rge negative value (-0.36 to -0,44 ppm) which dis-
t inguishes i t from other methoxy groins, A poss ib le 
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explanation i s the formation of hydrogen bond between 
the protonated carbonyl group and the oxygen atom of the 
5-methoxy grotp (43), The carbonyl groip wi l l be protona-
ted to a much larger extent in TFA r e l a t i v e to a solut ion 
106 i n benzene containing 3% TFA , 
(43) 
I f a 5-niethoxy groijp i s flanked by a subst i tuent l i k e a 
methoxy groi?) a t C-6, i t s TFA-induced solvent sh i f t i s even 
grea ter than in the absence of such a grovp ( 0,48 to 
- 0 .62 ppm). 
Limitations of Solvent Induced Shift Studies. 
The following criteria have been laid down for an 
appropriate use of the method. 
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1, The method shoiild not be used d i r ec t ly for conq^ounds 
containing phenolic groiQjs, 
2, Even ace ty la t ion of the phenolic function does not 
completely overcome the d i f f i cu l ty , 
3 . Only the fu l ly methylated compounds are safes t to use 
but even then the r e su l t s may be misleading if solva-
t i o n of a separate s i t e close to the methoxy groips 
being examined occurs^0 ' , 
4 . In the biflavonoid se r ies having ^"I-3 , I I -8_7l inka6e, 
the I I - 3 ' methoxy groip of WGH-II methyl ether appears 
a t an exceptionally high pos i t ion ( § 3.44) in CDCl,. 
This i s suggestive of i t s being en t i re ly in te rna l ly 
solvated, A model of t h i s biflavone shows tha t there 
a re in fac t ce r ta in pos i t ions in which tha t p a r t i c u l a r 
methoxy grox^ can be sol-vlped by a benzene r ing of the 
outer flavonoid un i t , thus rendering i t unique in being 
r e s i s t a n t to external solvat ion on change of solvent 
from CDCl, to C^D^ a l l the methoxy groups are expected 
to move i5)f i e ld by more than 30 cps as each methoxy 
grovp has an ortlio proton. The methoxy gcovip in ques-
t i o n , however, moves very l i t t l e . 
(b) Lanthanide induced sh i f t s tudies 
A more recent innovation in t h i s f i e ld i s tha t of 
lanthanide induced s h i f t . The technique i s extremely 
helpful in es tabl ish ing the internuclear linkage of bi f la-
vonoids and also for the d i s t i nc t i on of A and B r ing p ro -
tons and methoxyl s igna l s , 
10ft 111 During the l a s t fourteen years lanthanide 
sh i f t reagents (LSR) have been extensively used for the 
s t r u c t u r a l and conformational s tudies of organic natural 
products . The int roduct ion of these reagents (Paramag-
n e t i c compounds) has great ly enhanced the power and versa-
t i l i t y of JNMR spectroscopy. 
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The commonly used coinplexes are t r i s 
112 (dipivalomethanato) europium, Eu(dpm), and t r i s 
113 (dipivalomethanato) praseodymium, Pr ( dpm ) , , where 
dpm represents dipivalomethane which i s 2 , 2 , 6 , 6 - t e t r a -
methyl heptane-3, 5-dione, The two are complementary in 
t h a t Eu(dpm), sh i f t proton resonances to lower f i e ld while 
Pr(dpm), sh i f t proton resonances to h i ^ e r f i e l d , 
Eu(dpm),, however, i s generally most useful becaiise the 
t - b u t y l resonance of the coinplex appears above TMS and 
thus does not i n t e r f e r e . The t -bu ty l resonance of Pr(dpm)^ 
i n the presence of subs t ra tes , occiars in the 3-5 5 range 
and can mask resonances of i n t e r e s t in some cases. I t i s 
especia l ly useful for the observation of methyl groips 
i n s te ro ids ^, 
Rendeau and Sievers have reported tha t europium 
and praseodymium conplexes of 1 ,1 ,1 ,2 ,2 ,3 ,3-heptaf luoro-
7,7-dimethyl-4,6-octanedione (fod ) are superior sh i f t 
reagents for weak lewis bases such as ethers and es te rs 
1l4 because of t h e i r greater s o l u b i l i t y , 
The extent of the lanthanide induced sh i f t i s 
dependent on the bas ic i ty of the functional grov?) and on 
t h e nature , pur i ty and concentration of the sh i f t reagent . 
The two major appl ica t ions of lanthanide sh i f t 
reagents are f i r s t l y the s impl i f ica t ion of the spectrum, 
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and secondly the confirmation of assignment of the signals 
by relating the extent of the shift to the concentration 
of the shift reagent. 
The magnitude of induced shift for a proton is 
usually expressed in terms of "S-value" proposed by 
115 Cockerill and Rackham , It is the slope of straight 
line obtained by plotting the shift value (Al^ ) against 
the molar ratio of Eu(dpm), to a substrate. Usually the 
spectra are determined at 8-10 different molar ratios to 
obtain each slope. The larger the S value, the greater the 
particular proton is shifted dovmfield by the shift reagent. 
It is suggested that the shift reagent exhibits its 
effect by establishment of a rapid (on the NMR time scale) 
equilibrium between a labile complex of Eu(dpm)^ with a 
lewis base and unassociated solutes. This labile conplex 
contribute very significantly to the observed shift through 
at least two mechanisms, through bond and through space. 
The former is important when only two or three bonds separate 
hydrogen and europium. The latter effect becomes dominent 
when four or more bonds are involved if close approach of 
europium and hydrogen is likely. In the case of poly-
functional molecioles, the observed paramagnetic shifts are 
sums of contribution due to magnetic interaction from metal 
association at each site. 
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117 Kawano et a l . have recently reported the 
appl icat ion of lanthanide sh i f t , Eu(fod);, for the s t r u c -
t u r e elucidat ion of flavones and biflavones. 
Monoflavones; For apigenin tr imethyl ether (4A), 
6-methoxy apigenin t r imethyl ether (45), quercetin penta-
methyl ether (46) and myricetin hexamethyl ether (47), 
t h e magnitude of lanthanide induced sh i f t s are recorded 
i n Tab le - I l l in terms of "S-values". I t follows tha t 
(a ) methoxy groip a t C-5 pos i t ion shows the l a rges t sh i f t 
(12,34*-* 18,88 ppm) which means tha t complexation occurs 
mostly a t neighbouring carbonyl groip, (b) H-6 shows con-
s iderable sh i f t (5 .70- - 7,16 ppm) when compared with t ha t 
of H-8 ( 1 , 1 2 ^ 1.56 ppm), (c) H or OCH^  attached to s ide 
phenyl groins show the l e a s t s h i f t s , and (d) H-3 (-1.54, 
0.08 ppm) and 0CH,-3 (0,08, 0.92 ppm) show ra the r small 
s h i f t s in comparison with those of 0CH,-6 (5,16 ppm) and 
0CH,-7 ( 1 . 0 2 ^ 1,28 ppm) whose posi t ions are a t a dis tance 
from carbonyl groi^. I t i s noteworthy tha t the H-3 of 
compound (45) shows an up f i e l d sh i f t (-1,54 ppm). 
^ . 
OCH' 
;?c 
OCH 
OCH3 
OCH3 
(44) R = H 
(45) R = OCH, 
(46) R = H 
(47) R = OCH, 
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TABLE - I I I 
S-values of flavone compounds by Eu(fod), 
Posit 
3 
5 
6 
7 
8 
2 ' , 
3 ' , 
ions 
6' 
5 ' 
(^^) 
0.08 
(13 .34) 
6.32 
(1 .12) 
1.56 
0 
- 0 . 0 2 
Compounds 
(45) 
-1 .54 
(12.34) 
(5 .16) 
(1 .02) 
1.18 
-0 .50 
-0 .26 
(46) 
( 0 . 8 0 ) 
(14.08) 
(5 .70) 
(1 .28) 
1.12 
0.46 
0 .14, 
( 0 . 1 2 ) 
(47) 
(0 .92) 
C18.88) 
(7 .16) 
(1 .14 )* 
1.30 
0.46 
(0 .12) 
4« (0) (-0.18) (0.04) (0.32) 
* Assignment i s t e n t a t i v e . Parentheses show methoxy proton 
s h i f t s . Spectra were taken in CDCl^ , using TMS as standard. 
As described above, H-3 of the 6-methoxy apigenin 
t r imethyl ether (45) shows an \:pfield sh i f t (-1.54 ppm in 
S-values, Tab l e - I l l ) on addi t ion of Eu(fod)^^^, However, 
t h i s proton shows downfield sh i f t (S= 2.04 ppm) when 
Eu(dpm), i s used as a sh i f t reagent (Table-IV) as reported 
62 
118 
by Kawano et al. This is the first example of a pro-
ton signal shifting in opposite directions due to diffe-
rent reagents, Eu(dpm), and Eu(fod), (2,04 and -1,50 ppm 
respectively^. 
TABLE- IV 
Values of H-3 from TMS and A EU values by shift 
reagents. 
Compounds ppm Eu(fod), Eu(dpm), 
4«,5,7-Trimethoxy flavone (A8a) 6.56 0,04 3.68 
4',5,6,7-Tetramethoxyflavone(48b) 6.59 -1.50 2.04 
^•»5,7,8-Tetramethoxyflavone(48c) 6,60 -0.30 4.35 
5,6,7,8,4«-Pentamethoxyfla- 6.60 -1.99 1.79 
vone (48d) 
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0CH3 
(A8) 
( a ) 
(b) 
( c ) 
(d ) 
^1 
H 
OCH, 
H 
OCH, 
^2 
H 
H 
OCH3 
OCH3 
The presence of methoxy groi:53 a t C-6 in the 5 , 7 - -
dimethoxyflavone der iva t ive seems to be an important fac tor 
i n the phenomenon because the H-3 of 5 ,6 ,7 ,8 ,4 ' -Pen ta -
methoxyflavone (48d) also shows s imilar sh i f t values (1,79 
and -1.99 ppm Table - IV) to those of compound when Eu(dpm), 
o r Eu(fod), a re added, 8-methoxy apigenin t r imethyl ether 
(48c) however, shows s imi lar sh i f t s ( l i t t l e sh i f t of -0,30ppm) 
by Eu(fod), and r e l a t i v e l y large downfield shi f t of 4,35 ppm 
by Eu(dpm), to tha t of t r i -0-methyl apigenin (48a), 
64 
Biflavones: The following seven fvdly methylated b i f l a -
vones namely, hexa-0-methylamentoflavone (1p), hexa-0-
methyl-robustaflavone ( I6a) , hexa-0-methylcu53ressuflavone 
( 9 i ) , hexa-0-methylagathisflavone (12g), hepta-0-methyl-
saharanflavone (20c), penta-0-methylhinokiflavone (23i) and 
pent a-0-methyl / " I - 4 ' - 0 - I I - 8 _ 7 hiapigenin (23x) have been 
studied using Eu(fod)^ and t h e i r S-values are recorded in 
Table - V. 
OCH3 
OCH3 
d p ) 
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H3CO 
OJMQKOCHS 
(16a) 
OCH 
(9i) 
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0CH3 
0CH3 
(12g) 
°^v->^^OCH. 
^3^0 H3CO 
OCH3 
(20c) 
67 
o-w/^ 
-OCK 
(23i ) 
OCH: 
(23x) 
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TABLE - V 
S-values of ful ly methylated biflavones with Eu(fod), . 
P ro ton 
H^CO-5 
- 5 " 
- 7 
- 7 " 
- 4 ' 
—4"' 
H-3 
- 3 " 
- 6 
- 6 " 
- 8 
- 8 " 
-2» 
- 6 ' 
- 2 ' " 
- 6 ' " 
- 3 ' 
- 5 ' 
_3tit 
— 5'H 
(1P) 
6,12 
8.78 
0.36 
1.06 
0.12 
-0 .08 
(0 .02) 
( -0 .16) 
2.76 
4.24 
0.50 
-
0.36 
0 
-0 .12 
-
-
0.10 
-0 .08 
(16a) 
10.58 
2.64 
(0 .74) 
(0 .56) 
(0 .32) 
-0 .06 
(0 .30) 
(0 .16) 
4.84 
-
1.20 
0.50 
1.42 
0.36 
-0 .08 
-
-
0.52 
-0 ,06 
( 9 i ) 
7 .34 
-
0.72 
-
-0 .06 
-
0.18 
-
3.66 
-
-
-
0,56 
-
-
-
0.24 
-
-
Compounds 
( I2g) 
2.14 
11.16 
0.44 
2.04 
0.02 
0.08 
0.06 
(0 .28) 
-
5.80 
0.64 
-
0.08 
-
0.52 
-
0.02 
-
0.06 
(20c) 
5.13 
11.90 
0.46 
2.50 
-0 .50 
0* 
m. 
-0 .44 
2.20 
6.10 
0.50 
-
0.40 
-
0,20 
-0 .20 
-0 .30 
-
0.34Me* 
0.03 
(23 i ) 
10.02 
4.38 
0.80 
0.58 
-
-0 .06 
(0 .36) 
( -0 .06) 
4.80 
-
1.14 
0.74 
0.04 
-
0.14 
-
2.00 
-
-0 .08 
(23x) 
(6 .88) 
(6 .60) 
(0 .82) 
(0 .52) 
-
-0 .10 
(0 .14) 
(0 .26 ) 
3.36 
3.52 
0.72 
-
( -0 .02) 
( - ) 
( 0 ) 
( - ) 
(-0.10) 
( - ) 
(0 .18) 
( - ) 
* Tentative assignment. 
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Table-V shows the S-values of every proton signal 
of these compounds obtained on addition of Eu(fod), which 
gives a s t r a i g h t l ine i:pto 1:1 molar r a t io of reagent to 
subs t r a t e . Therefore, in these cases S-values are the 
same as A Eu values. These induced sh i f t s show the same 
tendency as observed for four monoflavones in Table- I I I , 
although the effectiveness of the added Eu(Fod), i s halved 
owing to the presence of two flavone nuclei per molecule. 
However, MeO-5 and 5" show different sh i f t values except 
in the case of the symmetrical coii5)ound ( 9 i ) , because the 
coordination of Eu(fod), to the two flavone nuclei i s not 
even but i s cha rac t e r i s t i c of the s t ructure of each 
con^jound. For example, a large difference i s observed 
between MeO-5 and 5" in the case of -3 or 6-linked con5)Ounds 
( l 6 a ) , (12g), (20c) and (23i) in comparison with compounds 
d p ) and (23x). 
The r e su l t in Table-V may be summarized as follows: 
(a) The smallest S-value for H-6 or -6" i s s t i l l larger than 
the l a rges t S-value for H-8 or 8". Thus i t i s not d i f f i -
cu l t to d is t inguish s ignals due to H-6 or 6" from those 
of H-8 or 8". 
(b) S-values of H-3 o r -3" are so small tha t these protons 
a r e usually dis t inguishable from H-8 or - 8 " in the same 
flavone nucleus, and 
(c ) The smallest S-values are observed for phenyl protons, 
although H-3' and - 5 ' of confound (23i) show a s i g n i f i -
cant ly la rger (2.00 ppm) than those of the other com-
pounds because the phenyl groip i s attached to C-6 of 
the other flavone nucleus. 
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^C-NMR Spectroscopy 
-1 With H-NMR indirect information about the carbon 
13 skeleton of an organic molecxile i s obtained. In -^ C-KMR 
spectroscopy the carbon skeleton i s d i rec t ly observed 
because the peaks a r i se from a l l of the carbon atoms, 
whether they bear hydrogens or not. One great advantage 
13 
of C-NMR spectroscopy i s the wide range of chemical 
13 
s h i f t s over which ^C nuclei absorb. Known carbon chemical 
sh i f t s in diamagnetic compounds cover a range of approxi-
mately 600 ppm. For almost a l l organic molecules, conplete 
13 
C spectra appear between deshielded carbonyl groips and 
shielded methyl groups in a range of jus t over 200 ppm, 
13 The very low natural abundance of C (1,108J6) means 
t h a t highly sens i t ive spectrometers eii5)loying special tech-
13 13 
niques must be used to measure C spectra, Moreover ^C 
i s a much l e s s sens i t ive NMR probe than H at the same 
magnetic f i e ld strength due to i t s nuclear propert ies^ The 
s e n s i t i v i t y of NMR spectroscopy has been improved s i g n i f i -
cant ly by Pulse Fourier Transform tedmique (PFT) in combi-
nat ion with deco^Dling methods such as proton broad band 
and off-resonance decox:5)ling. This i s most economical and 
13 
ef f i c ien t method of s ens i t i v i ty enhancement in •'^ C-NFJR of 
organic molecules, 
•] 
H-M"jR spectroscopy involving sh i f t s of methoxy 
s igna ls in the spectrum of the permethyl ether , i©on the 
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104 progressive addition of deuterobenzene , has been used l o r 
the determination * of interflavonoid linkage. The 
sh i f t of the signal occurs if one pos i t ion or tho- to a given 
methoxy groi^ i s unsubst i tuted. Though applied successfully 
i n many cases t h i s method i s r e s t r i c t ed in i t s app l i cab i l i t y . 
7 
Thus in the case of hepta-0-methyl saharanflavone , one 
methoxy signal does not sh i f t at a l l on the addit ion of de-
uterobenzene, supporting a ^ l - 3 f II-6_7-^^^^^ s t ruc tu re , in 
s p i t e of the fac t tha t a ^~I-3,II-8_7linkage was l a t e r con-
firmed by synthesis . 
The use of lanthanide induced shi f t reagent Eu(fod)^ 
helped to d i f f e ren t i a t e the signals due to H-3,H-6 and H-8 in 
98 5,7-dimethoxyflavones and t h i s has been extended to the 
biflavonoid permethylethers^ » " . However, since both f l a -
vonoid moieties are coii?)lexed, different sh i f t s may r e s u l t 
from the same subst i tuent on each nucleus. Hence a method 
of wider app l i cab i l i t y i s necessary for an unambiguous de te r -
mination of the interflavonoid linkage in such compounds. 
The assignment of the s ignals in the C-M'iR spectra of oxy-
genated biflavonoids have been achieved on the bas is of off-
resonance and proton coipled spectra and by analogy with 
99 120 published values -^ ^ for the monomeric compounds. On the 
bas i s of the chemical sh i f t s of th« s ignals and t h e i r mul t i -
p l i c i t i e s in the off-resonance spectra, i t i s poss ib le to 
determine the interflavonoid linkage in bif lavonoids. The 
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level of oxidation of the ring C could be readily determined 
by considering the chemical shift value of the carbonyl reso-
nances. The position of the methoxy substitution could also 
13 
be inferred. Thus C method obviates the necessity oi p r e -
paring the permethylethers which are obligatory for the H-
NKR solvent induced shif t s tud ies . As a consequence there -
fore , t h i s method has po ten t i a l also for the location of 
methoxyl sucsr i tu t ion d i r ec t ly in a natural ly occurring methy-
l a t ed biflavonoids. 
Linkages involving r ing A - The signals for C-6 and C-8 in 
13 t he C-M^ iR spectra of monomeric flavanones, flavones and 
flavonols with a 5,7-dihydroxy subs t i tu t ion can be unambigu-
ously d i f ferent ia ted by consideration of t h e i r mu l t i p l i c i t i e s 
in proton coupled spectra and specif ic proton decoipling. ror 
a large number of such compounds the resonances for these 
120 
carbon atoms were found between 90.0 ppm to 100.0 ppm. The 
s ignal for C-6 i s always found to be at lower f i e lds than C-8 
in a var ie ty of 5,7-dihydroxy compounds. This difference i s 
small (ca. 0.9 ppm) in the flavanones and larger (ca. 4.8 ppm) 
in flavones and flavonols. The signal for C-8 appeared at 
higher f i e ld r e l a t i v e to t ha t of C-6 and the assignment was 
1 1 Q 
confirmed by specif ic deuterat ion at C-8 . The alkyl or aryl 
subs t i tu t ion on an aromatic nucleus should not essen t ia l ly 
1 ?1 
a l t e r (+0.5ppm) the chemical sh i f t of the meta-carbon atoms . 
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This i s wel l exemplified by a comparison of t h e spectrum 
of pinocembrin (5 ,7-dihydroxyf lavanone) with t h a t of i t s 
6-C methyl and 8-C methyl d e r i v a t i v e s , as wel l as t h a t of 
l u t e o l i n ( 5 , 7 , 3 ' t ^ ' - ' t e t r a h y d r o x y f lavone) and i t s 8-C-
benzyl d e r i v a t i v e . 
TABLE- VI 
Chemical s h i f t s (ppm, TMS= O) of C-6 and C-8 i n some 5,7-
d ihydroxyf lavones , 
Compounds C-6 C-8 
5 ,7-dihydroxyflavanone 96.1 95.1 
(Pinocembrin) 
6 -C-^iethylp ino cembr i n 102,1 9^. 7 
8-C-Methylp ino cembrin 95.7 101.9 
3 ' , ^ ' f 5 , 7 - T e t r a h y d r o x y f lavone 99.2 94.2 
( L u t e o l i n ) 
8 -C-Benzy l lu teo l in 98 .6 103.8 
6-Hydroxylu teo l in 140.4 93 .6 
In a l l t h e s e con^jounds, t h e s i g n a l s fo r t h e 
qua te rna ry C- subs t i t u t ed carbon atom s h i f t s by 6 ,0 to 
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9.6 ppm downfield whereas the signal xor the unsubst i -
tu ted carbon i s not markedly a l te red . Oven a C-6 hydroxy 
subs t i tu t ion , as in 6-hydroxyluteolin, only s l ighly a l t e r s 
the pos i t ion of the signal for C-8 con5)ared with that of 
l u t eo l in (Table VI). 
In the spectrum of CLpressuflavone /^"l-8,II-8_7 
biapigenin, there are only th i r t een resonances present due 
t o high symmetry of the molecule. The signal for 1-6 and 
I1-6 appears a t 99.0 ppm whereas the signal for 1-8 and 
I I - 8 sh i f t s downfield ( r e l a t ive to apigenin) to 98.7 ppm, 
due to subs t i tu t ion effect of the interflavonoid l inkage. 
These assignments were confirmed by the proton coi^led 
-^ C-NMR spectrum. Methylation of both 1-7 and I I -7 hydroxyl 
groups in cipressuflavone sh i f t s the signal for 1-6 and I I -6 
upfield to 95.6 ppm whereas the 1-8 and I I -8 signal moves 
downfield to 99.1 ppm. Again confirmation was achieved by 
taking the proton coupled spectrum in which the signal at 
99.1 ppm exhibited at JQV in te rac t ion with 1-6 hydrogen 
atom. In the hexa-0-methyl ether of cipressuflavone, the 
s ignal for both 1-8 and I I -8 appears downfield r e l a t i v e to 
t h a t of apigenin-tr i -0-methylether , at 101.2 ppm whereas 
1-6 and I I -6 are not appreciably shifted. 
The spectrum of agathisflavone ^ " I - 6 , I I - 8 _ / biapige-
nin shows eight d i s t i nc t resonances in the region 93.0 ppm 
t o 104,0 ppm. The signals for the lonsubstituted carbon atoms 
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1-8 and I I -6 appear at the expected values 93.7 ppm and 
98.9 ppm respect ively while 1-5 and I I -8 had t h e i r r e so -
nances a t 103.6 ppm and 99.4 ppm. The downfield sh i f t s 
experienced by the l a t t e r two carbon atoms of 4,7 ppm to 
5.7 ppm are due to the subs t i tu t ion effect of the i n t e r -
flavonoid l inkage. The other four signals between 102.8 
ppm and 104,0 ppm can be assigned to the carbon atoms 1-3, 
11-3,1-10 and 11-10 respect ively . There are seven s ignals 
in the region 94.0 ppm to 104.0 ppm in the spectnom of 
rhusflavone (naringenin 1-6,11-8 apigenin). They can be 
assigned by analogy with agathisflavone i t s e l f and the pub-
l i shed values for naringenin. Thus the carbon atoms I I -6 
and I I -8 of rhusflavone and agathisflavone had almost iden-
t i c a l chemical shif t values 98,8 ppm and 99.5 ppm for the 
respect ive carbon atoms. The carbon atom 1-6 resonated at 
100.3 ppm. The difference in the level of oxidation of the 
two C-rings in rhusflavone i s c lear ly ref lec ted in two well 
separated carbonyl resonances for 1-4 (196.5 ppm) and I I -4 
120 (182.3 ppm) . This, thus demonstrates the po t en t i a l of 
13 
C-M'iR spectroscopy when one i s dealing with biflavonoids 
with d i f fer ing oxidation l eve l s in the C r i n g s . The spectra l 
region 93.0 ppm to 103.0 ppm, in the spectrum of rhusflavanone 
</~I-6,II-8__7 binaringenin, con^jrises six resonances. The 
methine carbon l ines for 1-8 and I I -6 appear as expected at 
94,6 ppm and 95,7 ppm respect ively . The s ignals at 101,2 ppm 
and 100,3 ppm can be assigned to 1-6 and I I -8 and those at 
101.8 ppm and 102.2 ppm to 1-10 and 11-10 carbon atoms. As in 
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the case of ciopressuflavone, the spectrum of succedanea 
riavone shewed only twelve s ignals due to the high 
symmetry o£ the molecule and the coincidence of the 
s ignals for 1-5,11-5,1-9 and I I -9 carbon atoms. The signal 
for 1-6 and I I -6 appears at 101,1 ppm whereas the xinsubsti-
tu ted 1-8 and I I -8 carbon atoms resonate at 9^.7 ppm. The 
signal a t 101.9 ppm for two quaternary carbon atoms can be 
assigned only to the 1-10 and 11-10 atoms in succedanea 
flavanone. The signals at 101,1 ppm and 101.9 ppm were 
d i f fe ren t i a t ed by the fact tha t s ignal in tens i ty of the l a t t e r 
was much greater than tha t of the former, re f lec t ing different 
r e laxa t ion behaviour. The assignment of the signals for 1-2, 
11-2,1-3,11-3 and the carbon atoms of the r ing I-B and II-B 
in a l l the above conpounds were made by the analogy with 
apigenin, i t s methyl ethers and naringenin. 
Linkages involving r ings A and B - The three methine carbon 
atoms 11-8, 1-6 and 1-8 of robustaflavone ^""1-3',II-6_7 b i -
apigenin can be easi ly assigned to the signals at 93.9 ppm, 
99,0 ppm and 9A-,0 ppm respect ive ly . The s ignals for I I -6 
carbon atom appears a t 103,5 ppm. The spectra l in te rva l 
116,0 ppm to 131,0 ppm consist of eight resonances of the car-
bon atoms of the two B r i n g s . This i s almost ident ica l with 
t h e same spect ra l region of amentoflavone ^~I-3« , II-8_7 ^^" 
apigenin, and signals can be eas i ly assigned on the basics of 
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s M f t s expected for acyl subs t i tu t ion at 1-3' and the off-
resonance spectrum. The s ignals for the three carbon atoms 
1-6,1-8 and I I - 6 in the spectrum of amentoflavone can also be 
read i ly iden t i f ied to be at 98.9 ppm, 9^.2 ppm and 99.1 ppm, 
respect ive ly . The I I - 8 resonance appears a t 104,1 ppm and i s 
5.6 ppm more downfield as compared with the pos i t ion of the 
same signal in cupressuflavone. 
Linkages involving I - 3 i - The study of the spectrum of 
volkensiflavone naringenin / " I - S , II-8_7 apigenin showed 
twenty two resonances at 100°C with coincidence of the s i g -
na ls for 1-5, 1-9 and I I - 2 (at 163.7 ppm), 1-1», 1-2 ' , I I - 2 « , 
1-6' and I I - 6 ' (at 128.1 ppm), I I - 3 ' and I I -5* (a t 115.9 Ppm) 
and 1-3' and 1-5' (a t 114,6 ppm). The resonances for 1-2 and 
1-3 spea red at 81.4 ppm and 48.2 ppm respect ively and are 
3.0 ppm and 6,2 ppm downfield of the corresponding ones of 
naringenin. These sh i f t s are due to the R- said oc-subs t i tuen t 
effect of the 8-€^igeninyl moiety a t the carbon atom 1-3, The 
resonances for 1-6 and 1-8 appear at 96,4 ppm and 95.3 ppm where-
as those of I I - 6 and I I - 8 appear at 98,5 ppm and 100,6 ppm 
respect ively . As i t i s expected tha t the two carbonyl reso-
nances at 196,0 ppm (1-4) and 181,6 ppm ( I I -4 ) r e f l e c t the 
respective levels of oxidation of the two C-rings, The p re -
sence of conformational equilibrium, due to i nh ib i t i on of 
free rotat ion about the C-C bond in the interf lavonoid l inkage, 
in volkensiflavone was demonstrated by running the spectrum 
at 35°C. Two signals of differing intensitv^^ffiBa-gaphTof^Ihe 
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carbon atoms 1-2 (81.3 ppm ancl 82.4 ppm) and 1-3 (48.7 ppni 
and 47.9 ppm) are present in the spectrum. In addi t ion, 
several carbon resonances were considerably broadened. 
Location of methoxyl groups - The posi t ion of a methoxyl 
substituent,in a biflavonoid can not be determined on the 
basis of the chemical shif t of the methoxyl carbon as the 
var ia t ion i s too small to oe oi diagnostic value. However, 
s t e r i c crowding as in the case of 5|6,7-Tri-0-methyl com-
pounds does cause a downfield shif t of methoxyl carbons by 
Ca 6,0 ppm, whereas in a 5-hydroxy-6-7-dimethoxy de r iva t ive , 
the shif t i s only of the order of 3.0 ppm. The downfield 
sh i f t of the signal for the carbon bearing the hydroxyl 
groip, on methylation i s also var iab le . However, the i^jfield 
sh i f t of the signal for the ortho carbon atoms i s more r e -
l i a b l e d iagnos t ica l ly , thus enabling an indi rec t determina-
120 t i o n of the s i t e of 0-methylation 
In cojicluslon, i t i s apparent tha t mere inspect ion of 
the chemical sh i f t values in the spectral region 90.00 ppm 
13 to 105,0 ppm, in C-M '^Jl spectrum of a new biflavonoid being 
i so la ted , can give a good indicat ion of the l inkage pos i t i on 
i f r ing A i s involved in a C-C l inkage. This may be addi -
t i o n a l l y confirmed by a normal off-resonance spectrum. 
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MASS SPECTROMrrTRY 
The mass spectra of a wide var ie ty of organic 
na tura l products have been studied during the l a s t few years . 
The introduct ion of the in l e t system su i tab le for v o l a t i l i -
zat ion of high molecular weight (K , 300-1200) organic mate-
r i a l s has great ly increased the u t i l i t y of mass spectrometry. 
Generally fragmentat ion i s rslcit ed to the s t ruc ture of the 
i n t a c t molecule. Recently a number of papers on the evalua-
t i o n of s t ruc tu re fragmentation pa t t e rn re la t ionship in mono 
and biflavonoids have appeared. 
Flavones 
122 
Kingston has discussed the mass spectra of a la rge 
nxiraber of flavones, flavonols and t h e i r methyl ether der iva-
t i v e s . He has summarized the manner in which monoflavones 
fragment: 
(a) Flavones with fewer than four hydroxy groips do not 
r ead i ly fragment, a consequence of the s t a b i l i t y of 
t h e i r molecular ion. 
(b) Flavones with fewer than four hydroxy groins tend to 
undergo deconposition predominantly by way of the re t ro 
Diels-Alder process ' - '» '^ , This and other common 
fragmentation processes are shown in Char t - 1 using 
123 
apigenin -^  as a typica l exanple. 
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M- 270(100) 
OH 
m/e 242(niajor) 
h^c-J^ VoH Ho 
(C ) m/e 121 
HC=C- // \ -OH 
(B) m/e 118 
(A) m/e 152 
[-CO 
A-28 
15 
HO 
OH 
5 H C ^ XN 
(C) m/e 121 
•OH '^'t -)^-
CHART-1 
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(c) An (M-1) ion i s often found in the mass spectra of 
f lavones, i t s or ig in i s , however, obscure, 
(d) The presence of ion (c) (Chart- 1), frequently more 
intense when a 3-hydroxy group i s present , i s a t t r i b u -
ted to the a l t e rna t ive mode of retro-Diels-Alder f r ag -
mentation also depicted in Oia r t - 1, 
(e) Doubly charged ions are frequently present . 
( f ) When heavily subst i tu ted with hydroxyls and methoxyls, 
the flavones tend to fragment in a l e s s pred ic tab le 
manner, retro-Diels-Alder process becomes ins igni f icant 
and the spectrum i s dominated by the molecular ion and 
ions a t M-15, M-28 and n-h3^^^*^^^. 
Flavanones 
flavanones typ ica l ly fragment by the RDA react ion 
(Path-A and Path-B) and yie ld same ions from path-A as observed 
for f lavones. However, the most important B-ring ion from 
path-A contains an ethylene groxxp. The fragmentation pa t t e rns 
are given in Chart-2, 
Pdth-B 
•0 
a-
c 
( CHART-2 ) 
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Another method of breakdown, that helps to charac-
terize the I'lavanones is the loss of either a hydrogen atom 
or any aryl radical from the molecular ion to give even 
electron fragments. 
OCH3 OH 
These fragmentation processes are i l l u s t r a t e d in th.e 
case of 4'-methoxyflavanone (Chart-3). The fragment with 
methoxy gcoup takes nearly a l l the charge due to resonance 
s t a b i l i z a t i o n . 
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0CH3 PATH-A f ^ \ ^^, 
0 
'"/e )20(35) 
/ / V-OCH. 
'"/«134(100) 
OH 
m/e 141(1) 
H2C^  
'"/eiigoa) 
-CO 
OH 
TJ/e 253(30) 
CH2 
m/e91(12) 
( CHART-3 ) 
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Another peak i s at m/e 108 a r i s ing from a hydrogen t ransfer 
reac t ion . 
OCH3 
m/e 108 (100) 
The presence of hydroxyl or methoxyl groiJf) at C-4 
p o s i t i o n of r ing B f a c i l i t a t e s , by enhanced resonance s t a b i -
l i z a t i o n of the resxolting fragment ion, the formation of 
p-hydroxy benzyl or p-methoxy benzyl ion (or t h e i r equivalent 
tropolium ions) , respec t ive ly . These ions appear ds peaks 
of s igni f icant in tens i ty in the mass spectrum of naringenin/ 
i t s t r imethyl e ther . 
O^^^TV-OH 
- ^ • ^ 
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Biflavones 
Seshadri and co-workers have made a more specif ic 
study of the mass spectral fragmentation of the permethyl 
ether der ivat ives of amentoflavone, cupressuflavone and 
hinokiflavone. The following fragmentation schemes 
(Chart 4 ,5 ,6) have been proposed to explain. the appearance 
of some of the ions observed. Molecular ion i s usual ly the 
base peak, i ^a r t from the processes mentioned ea r l i e r for 
ap igen in / i t s tr imethyl ether these compounds also undergo 
( i ) f i s s i on of the C-C or the C-O-C linkage between the a ro-
matic res idues , ( i i ) elimination of CO and CHO from the b i -
phenyl ethers and ( i i i ) rearrangement involving condensation 
between the phenyl r ings . S te r ic fac tors seem to play an 
inportant ro le in influencing the breakdown made and in te rna l 
condensations, formation of doubly charged ions i s frequent-
ly observed. 
The mass ^ e c t r a of amentoflavone hexamethyl ether and 
cupressuflavone hexamethyl ether are s imilar , molecular ion 
being the base peaks in each case. Difference l i e s in the 
i n t e n s i t i e s of the corresponding peaks due to va r ia t ion in 
subs t i t u t ion pa t t e rns and s t e r i c f ac to r s . The main peaks 
together with t h e i r i n t e n s i t i e s in the mass spectra of these 
con5)ounds are given as follows: 
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Amentoflavone hexamethyl ether 
The mode of fragmentation i s shown in Chart- 4, 
Main peaks (m/e; i n t ens i ty ) ; 622(100); 621(31); 607 
(33); 592(8); 576(10); 312(2); 311(5); 245(5); 181(2); 
180(3); 135(16) and 132(3). 
The peaks at m/e 607 and 592 obviously a r i s e by the 
l o s s of methyl grovps. The peak at m/e 576 has been assigned 
t o the s t ruc ture B (Chart 4 ,5 ) , a condensation product. Such 
a condensation product has been reported to be formed when 
127 
amentoflavone i s heated with zinc dust , The reason for 
difference in i n t ens i t i e s of such ions in the spectra of cup-
ressuflavone hexamethyl ether (4%) and amentoflavone hexa-
methyl ether (10%) i s tha t the former i s a symmetric type. 
This r e s u l t s in differences in the s t e r i c d i spos i t ion of one 
flavone uni t r e l a t i ve to the other , thus hindering or favour-
ing condensation between the phenyl r ings 
The ion at m/e 311 i s due to both the doubly charged 
ion (M ) and the e^jigenin tr imethyl ether fragment i,¥i^/2). 
The difference in the i n t e n s i t i e s in the spectra of c i^ressu-
flavone hexamethyl ether (14^6) and amentoflavone hexamethyl 
ether (5%) i s due to va r i a t ion in the oxygenation pa t t e rn of 
t he biphenyl residues in the two conpounds, which i s respon-
s i b l e for difference in the l a b i l e nature of the in te rap ige-
n inyl bond. Another explanation would be tha t the removal 
OCH 
H3CO 
H3CO 
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H3CO 0 
' ' / ' 2 4 5 ( 4 9 0 r C 5 ) 
' " / e 576(10 ) 
( I P ) 
OCH. 
•^•'f^/e 622(100 ) 
H3C0 0 
• °^ " '/e 132(3) 
"^ /e i80(3) 
+H 
m/e 181 
OCH3 
OCH-
" /^e 135(16) 
CHART - 4 
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Cupressuflavone hexamethyl e the r 
Main peaJts (m/e ; i n t e n s i t y ) : 622(100), 621(38) , 607(8) , 
592(18) , 576(4) , 312(7 ) , 311(14) , 245(11) , 135(26) , and 
132(14) . 
m/e 1 3 5 ( 2 6 ) 
OCH 
OCH. 
OCH-
OCH.° M^'m/e 6 2 2 ( 1 0 0 ) 
•^ m/e 132(14) 
OCH H3CO 
OCH 
OCH 
OCH3 
m/e 5 7 6 ( 4 ) 
OCH3 
+ + 
m/e 245 ( 4 9 0 ) (11 ) 
CHART - 5 
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of another electron from M i s d i f f i cu l t in the case of 
(1p). Thirdly double RDA f i s s ion of molecular ion (lp) 
may yield the fragment (c) m/e 310 (3%) which af ter accept-
ing a hydrogen atom gives an ion D having ra/e 311. A per -
plexing observation in the conplete absence of the ketene 
ion (m/e 180) in the spectrum of cupressuflavone methyl 
ether and i t s feeble in tens i ty (3%) in amentoflavone methyl 
e ther . If the biphenyl l inkage in both the casec breaks 
eas i ly to give apigenin tr imethyl ether un i t s , i t should be 
expected tha t the l a t e r would give the ketene in consider-
able in t ens i ty . The observation tha t the ketene fragment i s 
e i the r absent or of only a feeble abundance may indicate 
t h a t the breaking of biphenyl linkage i s not a favourable 
process^ I t may, therefore , be summarised tha t the ions 180, 
135 and 132 or ig ina te d i r ec t l y from the molecular ions M* or 
M"*"*" by RDA f i s s ion . 
S te r i c factor becomes so much dominant in the agath is -
flavone hexamethyl ether tha t the ion at m/e 311 appears 
as base peak instead of the molecular ion m/e 622(90). The 
main peaks in i t s spectrum are : 622(90); 607(5^); 591(98); 
573(24); 561(15); 521(12); 497(24); 325(20); 311(100); 281 
(12); 245(22) and 135(65). 
Hinokiflavone Pentamethyl ether 
The mode of fragmentation i s considerably different 
from those of amentoflavone, ci^ressuflavone and aga th is f la -
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vone hexamethyl ether (Chart-6). 
I^ialn peaks: 608(39); 607(12); 593(36); 580(4); 579(11); 
578(11); 576(6); 431(7); 327(23); 312(22); 311(22); 304(2); 
297(29); 296(75); 281(22); 181(11); 180(3); 135(19); and 
132(18). 
The base peaks in this case appears at m/e 313 and 
the molecular ion (m/e 608) amounts to 39% of this peak. 
This could be attributed to the fact that the biphenyl ehter 
bridge suffers easy ri;5)ture; hydrogen transfer then leads to 
313 fragment. The fission of the ether bridge in (23i) can 
take place in two ways: (i) by route (1) giving the ions at 
m/e 297(29) and m/e 311 (22) and (ii) by route (2) giving 
ions at m/e 281 (22) and m/e 327(23). However, the observa-
tion that the 313 ion is most intense suggests that route 
(l) is favoured i.e. the bond between the oxygen bridge and 
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the highly oxygenated phenyl ring breaks preferably , The 
ion at m/e 304 is obviously M , since the molecular ion in 
this case can not split into two equal fragments having this 
m/e value^ Further evidence for the doubly charged nature of 
this ion is provided by the appearance of the isotope peak at 
half a mass unit higher (304.5). 
Ions at m/e 593 and 578 arise by the loss of methyl 
groL5)S, m/e 580 and m/e 579 by the loss CO and CHO respective-
ly and oa/e 576 by internal condensation. The ions due to loss 
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OCH-
^ /e 311 (22) ^ 
H3CO 
"^/e 296 (75 ) 
OCH3 
OCH3 
C23i ) OCH3 
^ M^m/e 6 0 8 ( 3 9 ) 
I 
UJl 
h-
O 
on 
OCH3 
OCH-
OCH3 
Ti/e 576(16) 
OCH3 
m/e 2 8 1 ( 2 2 ) 
•OCH3 
OCH3 
m/e 327(23 ) 
( C H A R T - 6 ) 
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of CO and CHO are not found in the spectra of biphenyl type 
bif lavones. The spectrum also contains fragments 431(7) 
and 296(75) which a r i se by various mode of RDA f i s s ion of 
(23 i ) . 
The spectrum of penta-0-methyl ochnaflavone i s also 
very similar to hinokiflavone pentamethyl e ther . The main 
peaks appear a t 6O8 (M"*"); 594; 580; 327; 311; 304 (M "^*"); 
297; 281 e tc . 
Biflavanones; 
8 57-59 Jackson et a l * have successfully applied mass 
spectrometry to elucidate the s t ructure of biflavonoids of 
GB-Series (18) containing two flavanone un i t s linked through 
/ " I - 3 , I I -8 7. 
V — / 
(18) 
( a ) GB-1; R^  = OH, R^ = K 
( c ) GB-2; R>, = R2 = ^^ 
(b) GB-1a; R^  = R^ = H 
(d) GB-2a; R^  = H, R2 = OH, 
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All the features observed in the mass spectra of 
biflavonoids of 'GB' ser ies and t h e i r methyl ethers have 
analogies with s imilar ly subst i tuted monoflavanones. The 
fragmentation pa t t e rn of GB-1 heptamethyl ether i s shown 
below ( Chart — 7 ) . 
The mass spectrum of GB-1 (I8f) hepta methyl ether 
showed the presence of ions at m/e 121; 154; 181; 312 and 
476, The presence of ions a t m/e 154 and 181 consistent 
with the fragments /"CgH,(0Fie)20Hy^ and /"CgH2(0Me)20H COj:^ 
respec t ive ly , supported the presence of phloroglucinol r ing 
system derived from a 5,7-dihydroxy flavanone system. An 
idea about the nature of linkage could also be derived 
since the fragmentation of molecular ion at m/e 656 can be 
ra t iona l i zed by RDA react ion of flavanones f i r s t at r ing C 
to give a fragment ion at m/e 476 followed by a similar 
fragmentation at r ing F to give an ion at m/e 312. This two 
stage breakdown pa t t e rn i s fu l ly substantiated by the p r e -
sence of a meta s table peaks. These r e s u l t s can only be 
accommodated by a linkage from the oxygen heterocycl ic r ing 
C to the phloroglucinol r ing D, The presence of dimethyl 
phloroglucinol ion at m/e 154 i s probably of thermal o r ig in . 
In fact phloroglucinol i s so readi ly los t from GB-series 
of biflavonoids tha t if the tenperature of the ion chamber in 
the mass spectrometer much exceeds the minimum ( ^ 220 ) for 
evaporation of the sanple, there i s d i f f i cu l ty in detect ing 
95 
H. 
'3C0 
H3CO 0 
m/e 312 
CHART - 7 
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the molecular ion. The thermal i n s t a b i l i t y of GB-1 was 
established by heating i t in a tube at 280° and phloro-
glucinol was isola ted and characterized from the pyroly-
s i s products, 
58 As suggested by Pe l t e r , the ion at m/e 312 can not 
be due to the formation of apigenin tr imethyl ether because 
fragmentation pa t t e rn below m/e 312 of GB-1 bears no resem-
blance to tha t of 25)igenin t r imethyl e ther . The ions, m/e 
180 and 132, which could a r i s e by RDA react ion of apigenin 
tr imethyl ether , are en t i r e ly absent from the spectra of 
GB biflavanone methyl e the r s . 
Flavanone-Flavone type biflavonoids 
55 64 
Venkataraman et alo , Jackson et a l , and 65 Vishwanathan et a l . have reported the mass spectral s tudies 
of /~ I -3 , I I -8_7 linked flavanone-flavone type bdLflavonoids, 
These combin^e the c h a r a c t e r i s t i c fragmentation pa t te rns of a 
flavanone and a flavone. The fragmentation ions of t a lbo t a -
65 flavone hexamethyl ether (19h) are shown in C3aart-8. 
The mass spectra l fragmentation of morelloflavone 
(19a) heptamethyl ether are s imilar to those shown for t a l -
botaflavone hexamethyl ether ( 1 9 h ) excqjt for the increase of 
t h i r t y mass un i t s in the ions (Chart-8), C0%), D(10%), E(2?'o), 
F(A6%) ,and G(22%) due to an extra methoxy groL )^ in the II-B 
r i n g . The i n t e n s i t i e s of other ions are A (32%), B (32%), 
H (13%) and I (100%). 
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^1/6137(12) 
% 
H3CO 
fn/el80(I5) 
OCH-
+ CH2 
'^e l2 l (100) 
H3CO 
f"/e135(22) "^3^^ 
^3^°V^^/0 
^ 
Y-/~\-0CH3 
H3CO 
m/e 311(40) 
m/e 132(12) 
^ 3 ^ 0 H 3 C 0 ^ ^ . ^ > \ ^ 0 
UCQ 3"\^^^^ 
H3CO 
M%/e 624(30) 
OCH3 
"'/e J54(36) 
H3C( 
f"/e 195(92) 
0=0 
H3C6 
m/e18K80) 
^'/e 517(5) 
H3CO 
m/e444(50) 
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The mass spectral s tudies of the biflavonoids 
reveal that t he i r fragmentation pa t te rns depend not only 
on the constituent monomeric flavonoid uni t s but also on 
the nature and posi t ion of interflavonoid l inkage. While 
the cracking pa t te rn of simpler flavonoids are l e s s 
conplex, in applicat ion of these concepts to biflavonoids, 
one has to take into consideration the influence of the 
addi t ional s t ruc tu ra l and s t e r i c f ac to r s . 
Synthesis of Biflavonoids 
The synthetic approaches to members of the biflavone 
famil ies f a l l into foiir d i s t i n c t categories . 
1. Co\^ling of two flavone nuclei by the Ullmann reac t ion . 
2, Ullmann synthesis of biflavones via biphenyl and biphenyl 
ether precursors , 
3 . Biogenetic type synthesis, 
4, Wessely-Moser rearrangement of exis t ing biflavones e.g. 
interconversioja of ci^ressuflavone and agathisflavone. 
1. Ullmann coupling of flavones 
A number of biflavonoids with d i f ferent interflavonoid 
l inkages have been synthesized by the appl ica t ion of Ullmann 
128 129 
r eac t ion . Nakazawa * accomplished the synthesis of 
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amentoflavone hexamethyl ether by mixed Ullmann react ion 
between 3'- iodo-4' ,5,7-Tri-O-methyl flavone (49) and 8-
iodo-4' ,5,7-Tri-O-methyl flavone (50). Cx^ressuflavone 
hexamethyl ether was obtained as a by product and was 
found ident ica l with the one obtained from the natural 
42 a 
sources. Later on Seshadri et a l have also synthesi-
zed ci^jressuflavone hexamethyl ether from 8-iodo-4» , 5 , 7 -
Tri-O-methyl flavone (50) under modified conditions of 
Ullmann condensation. 
H3CO ^ v ; ^ ^ X / 0 ^ ^ / \ 
OCH OCH3 
0 
(^9) 
^3 Co 
(50) 
OCH, 
(9i) 
^^~\-.0CH2 
OCH-
(z^) il^) 
^HOO 
'HOO 
•HOO 
O'-^ -^ Oo^^ 
(xCz) 8UOABij-r>iouTil JO iXtiq.aicnBQ.uad BAX3 oq. ^od^u ^Q qq.TM 
pasccSnooap pire pazxq-OZBTp '^WQ snoanbis ur ^o S^N M paonp 
'Bji ajaM sjanq.a ojq.ju aqj^ * OD 'H Jo aouasajd aqq. ur OSWQ 
trj: ( f^) pxre (3^) sauoABXj i/;tiq.ara-o-T*i^-Z,*5* i+7--'^ 5fOjpXq - 9 
puB - 9 ptre (i^) auoABij TXqq.aui-0-TP-A'^-opoT-.^-Ovtq.Tu-,f j o 
uofq.Bsuapuoo Xq pauTBq.qo ajaMsaq.B-!:paaijaq.irp Xax eqq. *saaqq.a 
lXt(q.ani anoABijTq-oj:q.-fu-,^ paq.BiXiiQ.aaijad aqj; • BMBZBJ{BN 
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Aq paq^odaj uaaq sBq sjet{q.a iXt?q.am auOA^xjci^ouTq pa^fuji 
/ " 9 - I I - O - 1 V - I . 7 P«^ / ' 8 - I I - 0 - i ^ - I _ 7 JO sTsaqq.uXs a q i 
001 
101 
"300. 
(1) Reduction by 
Na;>S^04'"^q-P^^ ^ OCH3 ° 
(ii)Dia^oti2ed ^ ^ Q 
(iii) Decomposed ^ 
V.th H3PO3 
(54) 
(23x) 
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^3C0 
( 51) + 
OCH3 
(53) 
OCH 
6CH3 
(23i ) 
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2. Ullmaim synthesis o£ biflavones via biphenyl and biphenyl 
ether precursors 
150 Mathai and co-workers f i r s t introduced t h i s 
approach to the synthesis of biflavones in 1964, However, 
none of the biflavones prepared by them occurs na tura l ly . 
131 
Ahmad and Razaq s^pear to have quickly real ized the po-
t e n t i a l of the method and have successfully synthesized 
the hexiamethyl (9 i ) and tetramethyl (9g) ethers of ci^ressu-
flavone as shown in caaart-10. This method involved Ullmann 
coi;5)lin.g between two molecules of 1-iodo-2,A,6-trimethoxy 
benzene (56) to form a biphenyl system (57) as the f i r s t 
s t e p . Subsequent Friedal Craf t ' s acylat ion, p a r t i a l demethy-
l a t i o n ;and condensation with anisaldehyde gave a bichalcone 
(60) . Oxidative cyclizat ion of the bichalcone by selinium 
dioxide (SeOp) gave ci^iressiiflavone hexamethyl ether (9 i ) 
which on p a r t i a l demethylation was converted into cigjressu-
flavone tetramethyl ether (9g). 
52 Later on Kawano et al- have also used the same 
method for the synthesis of agathisflavone hexamethyl ether 
(12 g ) and ci;5)ressuflavone hexamethyl ether (9i), From 
the Friedal Craft's acylation of (57) with acetylchloride 
and aduminium chloride in diethyl ether the two confounds 
(58) and (59) could be isolated. Subsequent acylation of 
104 
0Ckl3 
OH 
ILTV-OCHJ 
1 r 
0CH3 
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0CH3 
(59) 
0CH3 
*(58) -> (9 i ) 
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these conpounds with P-anisoylchloride, Baker-Venkataraman 
rearrangement and rjjig closure gave cupressuflavone hexa-
methyl ether (9 i ) and agathisflavone hexamethyl ether (12g) 
respec t ive ly . 
The s t ruc ture of ochnaflavone as 1-4 ' ,1-5,11-5,1-7, 
II-7-pentahydroxy £" 1-3 '-0-11-4'_/ blflavone (25a) was confirm-
12 
ed by the synthesis of i t s methyl ether (25f) using diphenyl 
ether dicarboxylic acid chloride (61) and C-hydroxy phloro-
acetophenone dimethyl ether in the following way. 
CL0C-/~A-0CH3 
coci 
(61) 
OCH3 
H 
'3C0. 
vs. 
OCH-
o c o -
0 
(62) 
/ V-OCH 
OCH3 
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.0CV^ 3 
OCH-
(25f) 
The alternative structure (64) suggested for 
12 
Ochna-flavone methyl ether was also synthesized in the same 
way usijag the isomeric diphenyl carboxylic acid chloride (63) 
C L — C 
(63) 
(64) 
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3 . Biogenetic type syntheses 
Oxidative cov^ling offers the most st imulating and 
ae s the t i ca l l y pleasing route to the biflavones since i t 
most closely follows the process which i s believed to 
occur .In nature . The appl icat ion of phenol oxidative 
coi4>li:ig to synthet ic chemistry has, therefore , been ex-
tens ive ly studied. I t has been e>q)erimentally established 
in the phenol oxidation mechanism, the phenolate ion i s 
oxidised, by an electron oxidant l ike f e r r i c chloride or 
potassium ferr icyanide , to a phenoxy r ad ica l . 
P^O + Z'Fe(CN)g7^- .^  ^ " ArO- + Fe(CN)^" 
The free e lect ron in the phenoxy rad ica l may be shown at 
various places by mesomeric effect . The free rad ica l s are 
then coiJpled rapidly and i r revers ib ly under k ine t i c control , 
by three of the m<my modes of dimerization theo re t i ca l ly 
poss ib le , 
( i ) Hemolytic coipl ing. 
2ArO' ^ (Ar0)2 
( i i ) Radical inser t ion 
ArO* + ArO ——> {ArO)^ 
( i i i ) Heterolyt ic coipl ing. 
ArO —^ - ^ krO'^ 
ArO" + ArO"*" >(ArO)2 
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0 ^ 7 / \V-OH 
no 
I t i s most reasonable to assume that coupling 
occurs f a s t e s t at the pos i t ions of highest density of the 
f ree electron except where there i s s t e r i c hinderance to 
approach. 
The parent biflavone together with t he i r 0-methyl 
e thers exhibit e i ther C-C or C-0 linkage between the f l a -
vonoid uni ts which mi/ght be expected to a r i se through ox i -
da t ive coi^jling of apigenin derived radica ls (65) and (66) 
by three of the many modes of dimerization theore t i ca l ly 
p o s s i b l e . 
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Molyneux and co-workers have investigated the oxi-
da t ive coupling of apigenin using alkal ine potassium ferr icya-
nide and iso la ted two biflavones (67) and (68) with i n t e r -
flavone linkage ^ I - 3 , I I - 3 _ 7 and £" 1 - 3 , 1 1 - 3 ' ^ respect ively . 
(67) (68) 
I l l 
The synthetic compounds (67) and (68) appear to 
a r i s e presumably by appropriate spin-pair ing o-f the mesomeric 
radica l (65) although none of the symmetrical ^ I - 3 , I I - 3 ' _ 7 
linked dimer, which might also be expected to be formed, could 
be i so la ted . These observations were consistent with the 
154 findings of Kuhnle et a l . -^  who studied the e lect ron spin 
resonance spectra of flavonoid anion rad ica l s (derived from 
polyhydroxy flavones and having a fj-hydroxy function) and con-
cluded tha t the delocal izat ion of an ui^saired e lectron i n i -
t i a l l y generated at the C-4» hydroxy group in apigenin occurs 
only in r ings B and C (65). Thus in order to achieve an in -
133 ter f lavone linkage to r ing A, ^tolyneux et a l . believed 
t h a t a rad ica l i n i t i a l l y generated at C-4' in apigenin and 
delocal ized (65) a t tacks e l ec t roph i l i ca l ly the e lectron r i ch 
C-6 or C-8 pos i t ion of the phloroglucinol r ing of an in tac t 
apigenin molecule i . e . radica l subs t i tu t ion occurs in p r e -
ference to rad ica l pa i r ing , 
135 Seshadri et a l . "^  have recent ly carr ied out oxidative 
coining of apigenin -4 ' ,7-dimethyl ether (69) with f e r r i c 
chloride in lx>iling dioxane and isola ted a dimer in 6% y ie ld 
whose p roper t i es suggest tha t i t i s the C -^Cg coi5)led b i -
flavone (70). 
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OCH-
(69) 
OCH-
(70) 
On the basis of these findings Seshadri and co-
155 
workers have suggested tha t when hyxlroxy groups are p ro -
tec ted by methylation (leaving only the 5-OH group f r e e ) , 
dimerization takes place through 6- or 8- pos i t ion of the 
A r ings . I t i s reasonable to expect tha t in nature adequate 
mechanisms are avai lable for pro tec t ing the hydroxyl groups 
and bringing about the coi^ l ing through the pos i t ions in A 
r ing . 
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4, Wesseley-fioser rearrangement 
The Wesseley-Kioser rearrangement which attended 
47b Seshadr i ' s synthesis of hinokiTlavone pentamethyl ether 
50 
has been put to beneficial use by Peter et al, for the 
synthesis of agathisflavone hexamethyl ether. Pelter 
et al. treated (+)- ci-pressuflavone hexamethyl ether with 
hydroiodic acid in acetic anhydride at 130-140*^  for 3 hours 
(typical Wesseley-Moser conditions) after which time the 
reaction was worked ip and remethylated to give a mixture 
of (+)- agathisflavone hexamethyl ether and (+)-ci;53ressu-
flavone hexamethyl ether in the ratio 3:2 (w/w). The con-
version constituted the first preparation of a member of 
agathisflavone family. 
DISCUSSION 
114 
FLAVONOIDS FROM TWO JUNIPERUS SPECIES 
The genus Juniperus Linn (Cupressaceae) evergreen 
135 136 trees or shrubs consisting of about 60 species * are 
distributed chiefly in the Northern hemisphere from the arctic 
zone to the mountains of the tropics. Five species occur in 
India and of few more exotics have also been introduced. Some 
of the species are of medicinal importance being used for the 
157 a 
treatment of hypertension and as hypnotic « The essential 
oils obtained from wood, leaves and shoots are often used for 
perfumary and in medicine as powerful diuretic "^  . 
The present discussion deals with the study of the 
complex mixture of biflavonoids in the leaf extracts of Juniperus 
pseudosablna Linn (Syn. J. indie a) and Juniperus recurva. The 
biflavonoid constituents identified in each Juniperus species 
are recorded in Table-VIH. 
Biflavonoids from the Leaves of Juniperus pseudosabina Linn. 
Leaves of Juniperus pseudasablna were procured from 
Royal Botanical Garden, Godawari, Lalitpur (Nepal). The phenolic 
extractives of the fresh leaves by solvent fractionation and 
column chromatography followed by preparative thin layer chroma-
tography (TLC, silica gel) yielded three flavonoid components, 
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two major and one minor. These were label led as J p - I , Jp- I I 
and Jp - I I I in order of increasing R« values corresponding to 
amentoflavone i t s mono and di-methyl ethers respect ively , 
Jp-I although homogeneous in chromatographic behaviour, 
on complete methylation followed by TLC examination (R^ and 
91 
c h a r a c t e r i s t i c fluorescence in UV l i g h t ) was found to be the 
mixture of amentoflavone and cupressuflavone, Jp-I was, t he re -
f o r e , subjected to CCD separation between ethylmethyl ketone and 
bora te buffer (pH 9.8) which yielded Jp-Ia and Jp - Ib , These 
were characterized as amentoflavone (1a) and cupressuflavone (9a) 
1 
r e spec t ive ly by H-NMR studies of t h e i r methyl ethers and aceta tes , 
Jp- I I was a mixture of mono-0-methyl amentoflavone, mono-0-
methyl cupressuflavone and hinokiflavone (TLC examination of Jp - I I 
91 
and i t s methylated product) , The CCD separation of Jp - I I be t -
ween MeCOEt and borate buffer (pH 9,8) provided Jp - I I a and Jp- I Ib . 
J p - I I a being minor could only be detected as the mixture of mono-
0-methyl amentoflavone and mono-0-methyl cupressuflavone (TLC 
examination), Jp-I Ib was characterized as hinokiflavone (23a) by 
1 
H-NMR spec t ra l s tudies of i t s methyl and aceta te der iva t ives , 
J p - I I I was characterized as II-7-0-methyl hinokiflavone 
(Isocryptomerin) (23b) by H-l^R spect ra l s tudies of i t s ace ta te . 
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TABLE-VIIl 
Dis t r ibut ion of Biflavones in Juniperus species 
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Biflavones 
Amentoflavone + 
Cupressuflavone 
Agathisflavone 
Robustaflavone 
Hinokiflavone + 
Mono-0-methyl amento-
flavone 
Podocarpusflavone-A 
Bilobetin 
Mono-0-methyl 
cupressxiflavone 
Mono-0-methyl hinoki-
flavone 
Cryptomerin-A 
Isocryptomerln 
Di-0-methyl amentofla-
vone 
7,7"-Di-0-methyl 
cupressuflavone 
Tri-0-methyl amentoflavone 
Sciadopi tysin 
Kayaflavone 
Di-0-methyl hinokiflavone 
+ 
+ 
(>) 
+ 
+ 
+ 
(O 
+ + 
+ + 
+ 
+ + 
( + ) 
A = Juniperus chinensis L.g. 138a 
B = J. chinensis cv. 'Sargentii* 
C = J. chinensis cv. 'Kaizuku'^ 
D = J. conferta Parl.^ 
E = J. borlzontalis Moench 
F a J. procumbens (Endl.) Miguel. 
~ e f G = J. macropoda Boiss. • 
— ^ 
H = J. phoenicea Linn. 
I = J. virgini ana^ 
J = J. rigjda^ 
K = J. coiaaunls 
L = J. recurva Buch - Ham. 
M = J. pseudosablna - present work 
+ = J,, recurva - present work 
+ = Characterized 
(+)= Identified. 
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1-4 ' , I I -4» , 1-5, I I - 5 , 1-7, II-7-Hexahydroxy/~I-3',II-8__7 
blf lavone (Jp~Ia) 
Jp-Ia (Parent) mp 322-323°C 
Jp-IaM (Methyl ether) mp 225-227°C 
Jp-IaA (Acetate) mp 241-243°C 
TLC examination of Jp- Ia and i t s methyl ether Jp-IaM 
i 
ind ica ted i t t o be amentoflavone. The resvdts of H-NMR studies 
of i t s methyl e ther ( J p - laM ) and aceta te ( Jp - laA ) are recor-
ded in Table-IX. 
The ''H-NI^IR spectrum of vFp - laM showed ABC and k3^ systems 
associated with ring I-B and II-B subst i tu ted at pos i t ions 1-3*, 
4» and I I - 4 ' respect ive ly . Thus r ings I-B and II-A of the b i f l a -
vone seemed t o be involved in interflavonoid l inkage. Moreover, 
t he values showed tha t 1-3' i s l inked to e i the r I I - 6 or I I - 8 . 
The observation tha t in biflavones having aromatic subs t i tuents 
a t 1-8, the protons of I-5-OMe group generally appears above o 4,0 
(Table-X), lead t o bel ieve tha t subs t i tuents (flavone un i t ) in 
J p - I a was located a t I I - 8 and not a t I I - 6 , Further a l l methoxy 
groups on change ot solvent fTC© deuterochloroform to benzene 
moved upfie ld as in cupressuflavone hexamethyl e ther , showing that 
every methoxy group had a t l e a s t one ortho proton, therefore a II-£ 
r a t h e r than I I - 6 lii&age was es tabl ished. 
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TABLE - IX 
Chemical s h i f t s of p ro tons ( 8 - s c a l e ) of Jp-IaM and J p - I a A . 
Assignment Jp-IaM Jp-IaA 
7.26(d,1H,J=3Hz) 
6.84(d,1H,J=3H2) 
7 .01(s ,1H) 
6.65(5,1H) 
6 .68(s ,1H) 
7.98(q,1H,J^=8H2 
^2= 3Hz) 
8.03(d,1H,J=3Hz) 
7.^(d^1H,J=9Hz) 
7.49(d,2H,J=9Hz) 
7.06(d,2H,J=9Hz) 
OMe/OAc-I-5,II-5 3.92,A.05(s,3H each) 2.45,2.A2(s,3H each) 
-1-7,11-7 3.82,3.80(s,3H each) 2.05,2.01(s,3H each) 
-I-4»,II-4« 3.75,3.7l(s,3H each) 2^^,2^23(s,3H each) 
s = singlet, d = doublet, q = quartet, ^ ectra run in CDCl, at 
100 MHz, m s as internal standard. 
H-I-8 
H-I-6 
H-II-6 
H-I-3 
H-II-3 
H-I-6« 
H-I-2 ' 
H-I -5 ' 
H-II -2»,6 ' 
H - I I - 3 ' , 5 ' 
6.47(d,1H,J=3Hz) 
6.32(d,1H,J=3Hz) 
6.64(s,1H) 
6.49(s,1H) 
6.59(s,1H) 
7.95(q,1H,J.=9Hz 
J2=3Hz} 
7.84(d,1H,J=3Hz) 
7.08(d,1H,J»9Hz) 
7.37(d,2H,J=9Hz) 
6.71(d,2H,J.-=9Hz) 
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1, 
2. 
3. 
4. 
TABLE-X 
Biflavonoids 
1 
Cupressuflavone hexamethyl 
ether 
Amentoflavona hexamethyl 
ether 
Agathisflavone hexamethyl 
ether 
Hinokiflavonep entamethyl 
I-5-OMe 
( 5-value) 
4.12 
3.87 
3.86 
4.00 
II-5-OMe 
( S-value ) 
4.12 
4.06 
4.05 
4.08 
ether /" I -4«-0-I I -8_7 
biflavone 
5. Jp-IaM 3.92 4,05 
6 , Hinokiflavonepentamethyl 3.94 3.91 
e ther / " I -4«-0- I I -6_7 
An authentic sample of jamentoflavone hexamethyl ether 
1 
was found to give H-M4R iden t i ca l with Jp-IaM in a l l r espec t s . 
1 
The H-MyiR spectrum of the ace ta te Jp-IaA showed s ix 
acetoxyl groups in tegra ted for 18 protons. The other features 
of the spectrum of the ace ta te were also comparable with tha t 
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of authent ic amentoflavone hexaacetate. 
Thus Jp-Ia was assigned the s t ruc ture as I - 4 ' , I I - 4 ' , 
1-7,11-7, I-5,II-5-hexahydroxy / " I - 3 M I - 8 _ 7 hiflavone (1a) . 
1-4' ,II-4«,1-5,11-5,1-7,11-7-Hexahyd2H?xy ^ I - 8 , I I - 8 _ 7 b i n a v o n e 
( Jp- Ib) 
Jp-Ib (Parent) mp 300°C 
Jp-IbM (Methyl ether) mp 297-299°C 
Jp-IbA (Acetate) mp 252-233°C 
TLC examination of Jp-Ib and i t s methyl ether (Jp-IbM) 
ind ica ted i t to be cupressuflavone hexamethyl e ther . On acetyla-
t i o n with ace t ic anhydride and pyridine, Jp-Ib gave an aceta te 
Jp-IbA. The r e s u l t s of H-NMFt spectra of Jp-IbM and Jp-IbA are 
given in Table-XI. 
i 
H-MyiR spectrum of Jp-IbM suggested tha t the molecule 
had an axis of symmetry. Two s ing le t s of H-I -3 , I I -3 and 
H- I -6 , I I -6 were dist inguished, the former (8 6.59) appearing a t 
t h e c h a r a c t e r i s t i c pos i t ion for H-I-3 of a flavone. There was 
a c l ea r ^-^-^ P^"t'tem of protons sissociated with r ings I-B and 
I I - B , indica t ing the presence of methoxy groups a t 1-4' and II-4« 
p o s i t i o n s . 
Two methoxy groups had values above o 4.00, These were 
1-5 and I I - 5 methoxy groups wMch were present i n two d i f f e ro i t 
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TABLE - XI 
Chemical sh i f t s of protons ( 8 - s c a l e ) of Jp-Ibh and Jp-IbA. 
Assignment Jp-XbM Jp-IbA 
H- I -2» ,6« , I I -2 ' , 6 ' 7.30(d,4H,J=9Hz) 7.29(d,4H,J=9Hz) 
H - I - 3 ' , 5 ' , I I - 3 « , 5 ' 6,77(d,4H,J=9Hz) 7.01(d,4H,J=9Hz) 
H- I -3 , I I -3 6.59(s,2tl) 6.56(s,2H) 
H-I-6,11-6 6.57(s,2H) 7.C6(s,2H) 
OMe/OAc-I-5,II-5 4.l4(s,6H) 2.48(s,6H) 
OMe/OAc-I-7,11-7 3.85(s,6H) 2.08(s,6H) 
OMe/OAc-I-4^,11-4' 3.77(s,6Pi) 2.25(s,6H) 
s = s i ng l e t , d = doublet, spectra run in CDCl, a t 100 MHz, TMS 
as in t e rna l standard. 
monoflavonoid un i t s of the bif lavone. This value (above 8 4.00) 
i s the cha rac t e r i s t i c of such groups in 1-8,11-8 l inked biflavones 
o r i n an 8-linked monoflavonoid un i t ©f a biflavone (Table-X), 
There was a s ingle t representing two protons around S6 .57 . This 
was assigned to aromatic protons at 1-6 and I I - 6 . To meet the 
requiroottents of symmetry and H-NMR spectrum, the linkage / " I - 8 , 
II-8_^7 or / " I - 6 , I I - 6 _ 7 i^ ay be suggested. The two possible s t ruc -
t u r e s for the f ract ion Jp-IbM may be represented by (9b) and (9x), 
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OCH 
OCH3 
OCH3 
OCH3 
(9b) 
(9x) 
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The f ina l decision between C-I-8 , I I -8 and C-I-6 , I I -6 
l inkage was taken by benzene induced solvent sh i f t s tudies of 
methoxy resonances. The sh i f t s in methoxy resonance as a r e su l t 
of change of solvent from deuterochloroform to benzene are 
shown in Table-XII. 
TABLE-XII 
Position 
OMe 
C-5 
C-4' 
C-7 
of Signals in 
CDCl^(Hz) 
412 
386 
371 
Signals in 
CgHg(Hz) 
356 
329 
302 
Shift in 
(Hz) 
+56 
+57 
->69 
Thus a l l the methoxy grotips shif ted upfield as expected 
f o r C-I-8 , I I -8 l inkage. The H-NMR spectrum of the aceta te 
Jp-IbA showed s ix acetoxyl groups in tegrated for 18 protons. The 
o t h e r features of tJie spectrum of the aceta te were also compar-
able with tha t of authentic cupressuflavone hexaacetate. 
Jp-Ib was therefore assigned the s t ruc ture 1-4' , 11 -4 ' , 1 -5 , 
11-5,1-7,11-7 hexahydroxy ^ I - 8 , I I - 8 _ 7 biflavone (9a) . 
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I I -4 ' ,1-5,11-5,1-7,I I -7-Pentahydroxy /" l -4«-0-II-6_7bif lavone 
(Jp- I Ib) 
Jp-IIb (Parent) mp 344 C 
Jp-IIbM (Methyl ether) mp 26o-262°C 
Jp-IIbA (Acetate) mp 236-238°C 
1 
The r e su l t s of H-NMR sjpectra of Jp-IIbM and Jp-IIb A 
a re given in Table-XIII. 
1 
The H-NWR spectra of Jp-IIbM and Jp-IIhA showed signals 
for five methoxy and five acetoxyl groins respectively. The 
appearance of two sets of A^B- protons and B^ protons of only one 
set shifted downfield in acetate, suggested the presence of a 
free hydroxyl group at 4' - position of one of the B-rings and the 
implication of the corresponding position of the other B-ring in 
C-O-C linkage in Jp-IIb. The linkage could not be through I-C-3 
or II-C-3 as there were almost two invariant protons at o 6,59 
and S 6,64 in Jp-UbA^ 
Moreover this linkage would lead to meta coupled pairs 
associated with ring I-A and II-A while only one such a pair was 
observed. The presence of two meta coupled doublets at 8 6.85 
and 5 7,43 and a singlet at 5 7,28 suggested that linkage is 
either through C-6 or C-8 of ring-A of one of the flavone unit. 
On the basis of above observations, Jp-IIb may be represented by 
(23a) or (23y). 
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TABLE-XIII 
Chemical sh i f t s of protons of Jp-IIbM and Jp-IIbA ( 8 - s c a l e ) . 
Assignment Jp-IIbM Jp-IIbA 
H-I-6 6.34(d,1H,J=2.5H2) 6.85(d,1H, J=2.5Hz) 
H-I-8 6.52(d,1H,J=2.5Hz) 7.43Cd,1K,J=2.5Hz) 
H-II -8 6.56(s,1H) 7.28(s,1H) 
H-I-3 6.58(s,1H) 6.59(s,1H) 
H-II-3 6.60(s,1H) 6.64(s,1H) 
H - I - 2 ' , 6 ' 7.96(d,2H,J=9Hz) 7.95(d,2H,J=9Kz) 
H - I I - 2 ' , 6 ' 7.86(d,2H,J=9Hz) 7.85(d,2H,J=9Hz) 
H - I - 3 S 5 ' 7.06(d,2H,J=9Hz) 7.02(d,2K,J=9Hz) 
H - I I - 3 ' , 5 ' 7.04(d,2H,J=9Hz) 7.32(d,2H,J=9Hz) 
OMe/OAc-II-4',1-5 3.94-3.85 2.35(s,6H) 
0Me/0Ac-II .5,I-7, ^^»^" ^^°^» '^^^^^^ 2.44,2.26,2.12 
11-7 (s,3H each, 3x0Ac) 
s = singlet, d = doublet, spectra run in CDCl, at 100 MHz and 
TMS as internal standard. 
(23a) 
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(23y) 
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The final decision between I-4«-0-II-6 (23a) and 
I-4«-0-II-8 (23y) linkage was taken by benzene induced solvent 
shift studies of methoxy resonances of Jp-IIt*!. On change of 
solvent from CDCl, to C^ H^ » methoxy shifts were observed at 3^z, 
54Hz, 57Hz, 6AHz and 1Hz. 
These shifts are within the range for four unhindered 
methoxy groups and one hindered methoxy group. It was reasonable 
to assume that hindered methoxy group was the one at II-5 of 
structure (23a) flanked by ether linkage on one side and carbonyl 
group on the other. 
The fraction Jp-IIb was, thus assigned the structure as 
II-4' ,1-5,11-5,1-7,II-7-penta]aydroxy /"l-A'-O-II-e^/biflavone 
(23a). 
II-4» ,I-5,II-5,I-7-Tetrahydroxy-II-7-0-methyl ^I-4'-0-II-6_7 
biflavone (JpJLII) 
Jp - I I I (parent) mp 310-311°C 
Jp-IIIM (Methyl ether) mp 260-262°C 
Jp-TTIA (Acetate) mp 213-214°C 
91 R„ values and cha rac t e r i s t i c fluorescence in UV l i g h t 
of J P - I I I , and i t s permethylether indicated i t to be a mono-0-
1 
methyl hinokiflavone. The result:^ of H-NMR studies of Jp - I I I A 
(ace ta t e ) and isocryptomerin are given in Tatole-XIV, 
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TABLE-XIV 
Chemical sh i f t s of protons of Jp-IIIA and isocryptomerin t e t r a -
a c e t a t e . 
Assignment Jp-IIIA Isocryptomerin 
t e t r a a c e t a t e 
H-I-6 6.82(d,1H,J=2,5Hz) 6,81(d,1H,J=2.5Hz) 
H-I-8 7.30(d,1H,J-2.5Hz) 7,29(d,1H,J=2.5Hz) 
H-II-8 6.94(s,1K) 6.92(s,1H) 
H-I-3 6.60(s,1H) 6,60(s,1H) 
K-II-3 6.57(s,1H) 6.56(s,1H) 
H - I - 2 ' , 6 ' 7.88(d,2H,J=9Hz) 7.89(d,2H,J=9Hz) 
H - I I - 2 ' , 6 ' 7.75(d,2H,J=9Hz) 7.76(d,2H,J=9H2) 
H - I - 3 ' , 5 ' 7.02{d,2H,J=9Hz) 7.0l(d,2H,J=9Hz) 
H - I I - 3 ' , 5 ' 7.23(d,2H,J=9Hz) 7.24(d,2H,J=9Hz) 
OMe-II-7 3.86(s,3H) 3.86(s,.3H) 
0Ac- I -5 , I I -5 2.44,2.40(s,3H each) 2,45,2.4l(s ,3H each) 
0Ac- I -7 , I I -4 ' 2.24,2,26(s,3H each) 2.24(s,6H) 
s = s i n g l e t , d = doublet, spectra run i n CDCl, a t 100 MHz, 
TMS as in t e rna l standard ( 8 - s c a l e ) . 
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1 
The H-NMR spectrum of Jp-IIIA was found to be 
i d e n t i c a l with tha t of isociyptomerin t e t r aace t a t e (Table-XIV), 
Jp - I I I was, therefore assigned the s t ructure I I -A«, I -5 , 
I I -5,I-7- tetrahydroxy-II-7-0-inethyl ^1 -4 ' -0 -11-6^7 biflavone 
(23b) , isocryptomerin. 
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Flavonolds from the Leaves of Juniperus recurva 
The methanol ext rac t of dried and powdered leaves of 
Juniperus recurva (procured from Royal Botanical Garden, Godawari, 
La l i tpur , Nepal) a f te r pur i f i ca t ion by solvent treatment was 
t r e a t e d with water and the water insoluble and soluble port ions 
thus obtained were analysed separately for flavonoids. 
Water insoluble por t ion: The insoluble mass on pur i f i ca t ion by 
column chromatogrsphy followed by preparat ive TLC ( s i l i c a gel BDH, 
BPF-36:9:5) yielded four chromatographically homogeneous fract ions 
l abe l l ed as J r - I (R^ 0 .15) , J r - I I (R^ 0.17) , J r - I I I (R^ 0.33) and 
Jr-IV (R^ 0.58) in the increasing order of t h e i r R^ values. The 
usual colour react ions and UV spectra in methanol indicated a l l of 
them to be flavonoids. 
J r - I was characterized as agathisflavone (12b) by H-IMR 
s tud ie s of i t s methyl e ther . 
J r - I I although homogeneous in chromatographic behaviour on 
complete methylation followed by TLC examination (R» values and 
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c h a r a c t e r i s t i c fluorescence in UV l i g h t ) was found to be the 
mixture of amentoflavone (1a) and cupressuflavone (9a) . These 
were iden t i f i ed i n the form of t h e i r permethyl ether der ivat ives 
1 by chromatographic and H-WR sipectral s tud ies . 
1 
J r - I I I was characterized as hinokiflavone (23a) by H-NMR 
spec t r a l s tudies of i t s methyl and acetyl der iva t ives . 
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Jr-IV was found to be monomethyl ether of hinokiflavone 
(TLC examination) which was characterized as i so crypt omerin by 
1 
H-ltlR and mass spect ra l s tud ies . 
Water soluble por t ion; The water soluble f ract ion was extracted 
with e thylaceta te and the solvent evaporated. The seoai sol id 
mass thus obtained was subjected to preparat ive paper chromato-
graphy using BAW (4:1:5) to give two compounds. The homogeneity 
of which was fur ther checked by two dimensional paper chrcxnato-
graphy. These two compounds were characterized as quercetin 3-0-
p - D - glucopyranoside (71) and quercetin 3-0-oC-L-rhamnopyranoside 
(72) by spectra l and chromatographic studies of the glycoside as 
wel l as the hydrolysed products. 
1-4*, I I - 4 ' , 1-5, I I - 3 , 1-7, II-7-Hexahydroxy f l S , l l -8_7 
biflavone ( J r - I ) 
J r - I mp >300°C 
Jr-IM (Methyl ether) mp 162-64®C 
1 
The r e su l t s of h-MR s tudies of Jr-IM are given in 
T a b l e - XV. 
The MR spectrum of Jr-]M showed tha t the molecule i s 
n e i t h e r symmetrical ( i . e . , ne i the r 8-8 or 6-6 l inked) nor are the 
two B-rings involved in interf lavonoid linkage as two se t s of 
ApBp protons are seen centred at S 7 . 0 1 , 5 7 . 8 8 (J » 9Hz) and 
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TABLE-XV 
Chemical s h i f t s of protons of Jr-IM 
Assignment No. of 
protons 
Signals 
H - I - 3 ' , 5 ' 
H - I I - 2 ' , 6 ' 
K - I I - 3 ' , 5 ' 
H-I-8 
H-II-6 
H-I-3 
H-II-3 
OMe-II-5 
OMe-I-5 
0Me-I-4» 
0Me-II-4» 
OMe-I-7 
OMe-II-7 
2 
2 
2 
2 
1 
1 
1 
1 
3 
3 
3 
3 
3 
3 
7.88(d, 
7.01(d, 
7.37(d, 
6.78(d, 
6.91(s) 
6.64(s) 
6.53(s) 
6.51(s] 
4.05(s] 
3.59(s] 
3.76(3] 
3.78(s) 
3.86(s] 
3.88(s] 
J»9 Ife) 
J=9 Hz) 
J-9 Hz) 
J=9 Hz) 
s = s ing le t , d = doublet , spectrum run in CDCl, at 100 MHz, 
TMS as in t e rna l standard ( 5 - s c a l e ) . 
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0 6,78 andS7.37 (J=9Hz), the pa i r ings being proved by double 
i r r a d i a t i o n experiment. The coupling constant i s cha rac te r i s t i c 
of ortho coupled protons. The linkage can not be through C-3 
pos i t i ons of r ings I-C or II-C as the re are almost two invariant 
protons a t 5 6.53 and S 6 ,51 . Moreover, t h i s l inkage woiiLd lead 
t o a t l e a s t one metacoij^jled pa i r associated with r ings I-A and 
I I -A and none, infac t has been observed. This leaves only ring 
I-A and II-A inpl ica ted in the interf lavonoid linkage and as the 
molecule i s not symmetrical ( i . e . , ne i ther 8-8 nor 6-6) the 
l inkage must be through C -^C . 
The observation tha t 0-methyl at C-5 of a C-8 linked 
flavone un i t of a biflavone appears above 6 4,0, i s consistent 
with the proposed s t ruc ture (12b). 
The mode of interflavonoid linkage (Cg-C ) was further 
confirmed by studying the solvent induced sh i f t s of methoxy reso-
nances. On change of solvent from deuterochloroform to benzene, 
f i v e methoxy groups showed large upfield sh i f t s whereas one 
meticoxy group moved downfield (Table-XVI), This observation 
c l e a r l y indicated tha t one of the methoxy groi:^) present at C-5 
i s flanked by ring II-A on one side and a carbonyl group on the 
o the r . 
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TABLE- XVI 
Shif ts of methoxy resonances of Jr-IM 
Signals in 
CDCl (Hz) 
405 
390 
389 
380 
375 
362 
Signals in 
C^I^(Hz) 
358 
330 
335 
326 
305 
385 
Shifts (Hz) 
47 upfield 
60 upfield 
54 upfield 
54 upfield 
70 ijqpfield 
23 downfield 
Jr-IM was, therefore assigned the s t ruc ture as 
1 -4 ' , I I - 4 « , 1-5, I I - 5 , 1-7, II-7-hexa-O-methyl / " I - 6 , 11-8^7 
bif lavone (12b), further supported by mp, nmp and Co-TLC with 
authent ic sample. 
OCH: 
(12b ) 
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1-4 ' , I I - 4 ' , 1-5, I I - 5 , 1-7, II-7-Hexa-O-methyl / " I - 3 ' , I I - 8 _ 7 
biflavone (Jr-IIMI) 
J r - I I on methylation and separation by preparat ive TLC 
yielded methyl e the rs , Jr-IIKa and Jr- I IMII , R^ values and 
cha rac t e r i s t i c fluorescence in UV l i g h t indicated Jr-IIKI and 
Jr-IIMII t o be hexamethyl ethers of amentoflavone and cupre-
ssuflavone respect ive ly . Jr-IIMI mp 227 C, showed no depression 
i n mp on admixture with our sample Jp-laM. I t was characterized 
as amentoflavone hexamethyl ether ( lb) by d i rec t con5)arison with 
our own sample and also with authentic sample (R^, mp, mnp, 
fluorescence in UV l i gh t and K-NMR da ta ) . 
1 -4 ' , I I - 4 ' , 1-5, IX-5, 1-7, II-7-Hexa-O-methyl/~I-8, II-8_7 
biflavone (Jr-IIMII) 
J r - I IMII , mp 297-299 C gave the same R^ value and shade 
i n UV l i g h t as t h a t of Jp-IbM and showed no mp depression on 
admixture with the san^Jle Jp-IbK . I t was f ina l ly characterized 
as cj^jressuflavone hexamethyl ether (9b) by cranparison of mp, 
1 
mmp axid H-1®4R da1;a with t ha t of authentic sanople and also with 
t h e sampXe Jp-IbM « 
I I - 4 « , 1-5, I I - 5 , 1-7, II-7-Pentahydroxy ^ I -4 ' -0 - I I -6_7b i f l avone 
J r - I I I mp 344°C 
Jr-IIIM (Methyl ether) mp 259-261*^0 
J r - I I I A (Acetate) mp 238-24o°C 
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TLC examination of J r - I I I and i t s methyl ether Jr-IIIf i 
indicated i t to be hinokiflavone. I t s iden t i ty as hinokillavone 
(23a) was f ina l ly confirmed by mp, mmp, Co-TLC and ti~WiR spect-
r a l data conparison with the previous samples obtained from 
J , indie a and also with authentic sanqjle. 
I I -4», I -5 , I I -5 , I -7-Tetrahydroxy-II -7-0-methyl £I-4'-0-II-6_7 
biflavone (Jr .IV) 
TLC examination of Jr-IV and i t s complete methyl ether 
showed i t to be hinokiflavone monomethyl ether . The permethyl 
e ther Jr-IVM was found to be iden t i ca l in R^ and shade ( in UV 
l i g h t ) with the sample Jp-IIIM (di rec t comparison). The acetate , 
o Jr-IVA, mp 212 C showed no mp depression with the sample Jp-IIIA 
• 1 
of isocryptomerin t e t r a a c e t a t e . The H-JWR data of Jr-IVA were 
comparable in a l l respects with tha t of authentic sample and also 
Jp - I I IA ( T a b l e - n v ) . 
The ^H-MdR spectrum of Jr-IVA (acetate) indicated i t to 
1 
be monomethyl ether of hinokiflavone. The H-M4R spec t ra l data 
of Jr-IVM and Jr-IVA are given in Table- XVII. 
The ions at m/e 520, m/e 282, m/e 299, m/e A03 and ns/e 2S4 
i n the mass spectrum of Jr-IV (Chart 11) further siipported the 
assignment. 
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TABLE-XVII 
Chemical sh i f t s of protons of Jr-IVM and Jr-IVA 
Assignment Jr-IVM Jr-IVA 
H-I-6 6.34(d,1H,J=2.5 Hz) 6.8l(d,1H,J=2.5 Hz) 
H-I-8 6.52(d,1H,J=2.5 Hz) 7.29(d,1H,J=2.5 Hz) 
H-II-8 6.56(s,1H) 6.94(s,1H) 
H-I-3 6.58(s,1H) 6.60(s,1H) 
H-II-3 6,60(s,1H) 6,56(s,1H) 
H-I-2»,6» 7.96(d,2H,J=9 Hz) 7.89(d,2H,J=9 Hz) 
H - I I - 2 ' , 6 ' 7.86(d,2H,J=9 Hz:) 7.76(d,2H,J=9 Hz) 
H - I - 3 S 5 ' 6.96(d,2H,J=9 Hz) 7.01(d,2H,J=9 Hz) 
H-II -3*,5 ' 7.04(d,2H,J=9 Hz) 7.24(d,2H,J=9 Hz) 
- I I - 7 3.94-3.85(s,3K each 3,87(s,3H Ol-ie) 
5 X OKe) 
-1-5,11-5 2.44,2.4l(s ,3H each 
2 X OAc) 
-1 -7 ,11-4 ' 2.24,2.27(s,3H ea6h 
2 X OAc) 
s » s i n g l e t , d « doiihlgt, ^ e c t r a run in CDCl, a t 100 MHz 
and IMS as i n t e rna l standard ( 8 - s ca l e ) , 
Jr-IV was, therefore , assigned the s t ruc tu re I I - 4 » , 1-5, 
I I - 5 , I-7-tetrahydroxy-II-7-0-methyl / " I -4 ' -0 - I I -6_7bi f lavone 
(23b), ( isocryptomerin). 
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^co 
^/t 284 
lPv=/ I., n 
/ / \\-0H 
^•> m / e 5 5 2 
mye282 
OH 
m/e 5 2 0 
(CHART - 11 ) 
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(23b) 
Quercetin 3-0- ^ - D - glucopyranoside ( J r - I ) 
J r - I , yellow needle sheped c l u s t e r s , mp 235-236 C gave 
139 green colour with FeCl,, orange red colour in Shinoda t e s t 
and pos i t i ve Molisch t e s t indicating i t to be a flavonoid glyco-
s i d e . The chromatographic spot on paper appeared deep purple 
under UV l igh t and turned yellow on fuming with NH,, indicat ing 
t h a t the 3-posit ion may be subs t i tu ted . Acid hydrolysis with 6?6 
aq. ICl gave an aglycone ( J r - IH) , nap 31^ C which was iden t i f ied 
as quercetin by mp, mnp, R^ value sffid UV ^ e c t r a l data and also 
by d i r ec t comparison with authentic sassrpls and a sugar. The sugar 
was iden t i f i ed as D-glucose by PC, The r e s u l t s of UV spectra of 
J r -IH and quercetin are recorded in Table-XVIII, 
TABLE-XVIII 
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Reagent J r -IH Quercetin 
MeOH 
+NaO!yie 
+A1C1, 5 
+NaOAc 
+NaOAc + 
^ ^ 3 
255,270sh,300sh,371 
247sh,322 
273,305sh,333,458 
258sh,274,330,388 
265,305sh,391 
255,269sh,301sh,370 
247sh,321 (dec) 
272,304sh,333,458 
257sh,274,329,390 (dec) 
26l,303sh,388 
The values of X max of J r -IH and quercetin were found 
t o be comparable. 
The configuration of the sugar moiety and the s te reo-
chanis t ry of i t s attachment in the glycoside were establ ished 
by chrcsnatogrsphic and H-M J^K spect ra l s tudies of the hydrolysed 
produc1;s of permethylated glycoside, and of the acetylated gly-
coside (Jrg - lA) . The r e s u l t s of ^H-mR studies of Jrg-IA are 
shown i n Table-XIX. 
The H-M4R spectrum (Fig, 1) showed s ignals due to four 
aromatic acetoxyls at 5 2,43 (3H), 2.31 (9H) and four a l ipha t ic 
acetoxyls at 5 2.13 (6H), 1,96 (3H) and 1,88 (3H). The signals 
over the range 5 3.80-5,16 account for the s ix protons of the 
en 
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TABLE-XIX 
Chemical sh i f t s of protons of Jrg-IA 
Assignment 
H-6 
H-8 
H-2' 
H-5' 
H-6' 
H-1« 
Other sugar protons 
Al iphat ic acetoxyls 
Aromatic acetoxyls 
No. of 
protons 
1 
1 
1 
1 
1 
1 
6 
12 
12 
Signals 
6.70(d,J=2,5 Hz) 
7.21(d,J=2.5 Hz) 
8.02(d,J=2.5 Hz) 
7.30(d,J=9 Hz) 
7.88(q,J=2.5 & 9 Hz) 
5,55(d,J=7 Hz) 
3.80-5.16 (m) 
1.88,1.96,2.13 (s) 
2.31,2.43 (s) 
s = s ing le t , d « doublet, q » quar te t , m = mul t ip le t , spectrxim 
run in CDCl, at 6o MHz, TMS as in t e rna l standard ( 6 - s c a l e ) . 
glucosyl res idue. The remaining one appeared as a doublet 
centred at 5 5»55 ( J = 7Hz) was assigned to the C-1" proton. 
The la rge coupli i^ constant (J » 7Hz) due to t r ans -d i ax ia l coup-
l i n g with the C-2" proton indicated the sugar l inkage with ^ -
conf igurat ion. With regard to the configuration of glycosidic 
l i nkages , i t i s a general observation tha t D-sugars occur with 
B-glycos id ic and L-sugars wit hoc-g lycos id ic l inkages . The A-
1 
ring protons at 6 and 8-positions s p e a r e d as doublets at 5 6.70 
( J = 2.5Hz) and 7.21 (J=2,5Hz) respect ively . The B- ring protons 
formed an ABX pa t t e rn charac te r i s t i c of 3',A'-Oxygenated f lavo-
noids . The 2*-proton appeared as a doublet at S 8.02 (J = 2.5Hz), 
while 5' and 6 ' protons as a doublet a t 8 7.30 (J=9Hz) and as a 
quar te t at S 7.88 (J=2.5 & 9H2) respect ively . 
IA0 J r g - I on permethylation by Hakomori's method followed 
by hydrolysis afforded 2,3,4,6-tetra-O-methyl-D-glucose and 
quercetin 5 ,7 ,3 ' ,4 ' - t e t ramethy l ether which with AlCl, showed a 
bathochromic sMft of 59 nm (from 360-419) in B a n d - I , thereby 
suggesting tha t the glucose moiety was present at the 3-posi t ion 
The re lease of 2,3,4,6-tetra-O-methyl-D-glucose on hydrolysis of 
t h e permethylated glycoside confirmed the pyranosyl form of the 
sugar un i t i n the glycoside. 
J r g - I was therefore , characterized as quercetin 3-0-p-D-
glucopyranoside (71) . 
93b 
(71) 
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Quercetin 3-0-oc:-L-rhamnopyrarioside ( J r g - i i ) 
. o J r - I I , a pale yellow sol id , mp 186-187 C gave usual 
colour react ions for flavonoids and pos i t ive Molisch t e s t ind ica t -
ing i t to be a flavonoid glycoside. The chromatographic spot on 
paper sqppeared deep purple under UV l igh t and turned yellow on 
fuming with ammonia, indicat ing t h a t the 3-posi t ion may be subs-
t i t u t e d . Acid hydrolysis with 6% aq. HCl gave an aglycone 
( J r ^ - I I H ) , mp 314 which was ident i f ied as quercet in by mp, R„ 
va lue , UV spect ra l data and also by d i rec t comparison with an 
au then t ic sample and a sijgar. The sugar was iden t i f i ed as L-
rhamnose by PC. The r e s u l t s of UV absorption spectra of Jrg-IIH 
were found comparable with tha t of Jrg-IH. 
The configuration of the sugar moiety and the s t e reo-
chemistry of i t s attachment in the glycoside were establ ished by 
1 
chromatographic and H-NWR spect ra l s tudies of the hydrolysed 
products of permethylated glycoside and of the acetylated glyco-
s ide ( J rg- I IA) . The r e s u l t s of H-IWR studies of J rg-IIA are 
shown in Table-XX. 
1 
The H-IflR spectrum of Jrg-IIA showed an ABX pa t te rn 
associa ted with ring B protons giving a double doublet at 8 7.80 
(J«9 & 2.5Hz), a doublet at S 7.90 (J=2,5Hz) and an another doublet 
a t 5 7.46 (JsgHz) cha rac te r i s t i c of 3 ' , ^ ' oxygenated flavonoids. 
The two meta-coupled doublets a t 6 6 . 8 6 (J=2.5Hz) andS7.32 (J=2.5Hz; 

146 
TABLE-XX 
Chemical sh i f t s of protons of J r g - IIA 
Assignments 
H-6 
H-8 
H-5 ' 
H-2» 
H-.6' 
H-5" 
H - 2 " , 3 " , 4 " 
H-1" 
A l i p h a t i c OAc of 
rhannose moiety 
Aromatic OAc 
Rhamnosylmethyl 
No. of 
p ro tons 
3 
1 
9 
12 
3 
S igna l s 
6.86(d,J=2,5Hz) 
7.32(d,J=2.5Hz) 
7 . ^ ( d , J « 9 H z ) 
7 .90(d,Ja2.5Hz) 
7.80(q,J^=2.5,J2=9Hz) 
3 . 2 3 - 3 . ^ ( m ) 
4 .93-5 .20 (m) 
5.68(d,J=2Hz) 
1.97,2.12 ( s ) 
2 .31 ,2 .43 ( s ) 
0.88(d,J«7Hz) 
s = s ing le t , d = doublet, q = quar te t , m = mul t ip le t . 
Spectrum run in CDCl, a t 6o MIfe, TI4S as in te rna l standard ( 6 -scale^ 
Were assigned to C-6 and C-8 of r ing A« The data c lear ly showed 
t h a t the aglycone pa r t of the glycoside was quercetin. A sharp 
doublet at 8 0.88 (J=7Hz) in tegra ted for 3 protons fur ther con-
firmed tha t the sugar moiety wjis rhamnDsa, The acetoxyl s ignals 
appeared at 5 1.97,2,12 in tegra ted for 9 protons (tiiree acetoxyls 
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of rhamnose un i t ) and 2 ,31 , 2,43 for 12 protons (four aromatic 
acetoxyls) . The sugar protons gave r i s e to two se t s of mul t ip le t s 
one at 8 3.23-3.46 assigned to H-5" and the other at 5 4.93-5.20 
a t t r i bu t ed to H-2",3",4", The anomeric proton (Ii-1") s p e a r e d 
as a doublet with J=2Hz) at 5 5.68 showing t h a t the C-1" proton 
has an equator ia l -equator ia l coupling with C-2" proton, thus 
rhanmose must form an ex:-linkage to C-3 of quercet in . This i s 
also in conformity with the fact t h a t a l l the na tu ra l ly occurring 
rhamnosides of known s t ructures so fa r reported have an oc -conf i -
141 gurat ion in the pyranosyl form 
The hydrolysed products of the permethylated glycoside 
were iden t i f i ed as 2,3,4-tri-O-methyl-L-rhamnose by cocqparison of 
R- on TLC, and quercetin 5 ,7 ,3 ' j^ ' - ' te t ramethyl ether (Jrg-IIH) by 
UV and K-M4R spect ra l s tud ies . The re lease of 2,3,4-tr i -O-methyl-
L-rhamnose c lear ly suggested tha t rhamnose un i t in glycoside was 
presen t i n the pyranosyl form leaving only the C -hydroxyl grov?) 
fo r glycosidic l inkage. 
The pos i t ion of the sugsir linkage in the glycoside was 
determined by UV spect ra l data of the p a r t i a l l y methylated aglycone 
obtained on acid hydrolysis of the permethylated glycoside with 
d iagnost ic sh i f t reagents , A bathochromic sh i f t of 61 nm (from 
360 to 421 nm) in Band-I with iOLCl, and a neg l ig ib le change on 
addi t ion of iUl c l ea r ly suggested t h a t rhamnose moiety was present 
i n the 3-posi t ion of quercet in. Considering the above fac t s 
148 
J r g - I I was iden t i f i ed as quercetin 3-0-oc-L-rhamnopyranoaide 
(72) . 
1 u n A 
HO 
WO H 
(72) 
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Flavonoids from the Leaves of Cupressus luc i t an lca 
The genus Cupressus (Cupressaceae) ever green t r ees 
o r shrubs comprising about 12 species , are d i s t r ibu ted in the 
1A2 Mediterranean region, t rop ica l Asia and North America 
The most s igni f icant feature of the genus i s the 
occurrence of cupressuflavone and amentoflavone as the major 
bif lavonoids, with hinokiflavone and ra re ly sane of t h e i r mono-
143 
methyl e the r s . Previous work on Cupressus luc i t an i ca has 
revealed the presence of amentoflavone, ci;5>ressuflavone and 
hinokiflavone and the occurrence of t h e i r mono and dimethyl-
e the r s has ca tegor ica l ly been denied. The present work i s de-
voted to the i so l a t i on and chciracterization of amentoflavone 
( 1 a ) , c\5)ressuflavone (9a) and hinokiflavone (23a)» along with 
monomethyl e ther of amentoflavone, cryptomerin- A, and dimethyl 
e the r of hinokiflavone from the leaf ext rac ts of Cupressus 
l u c i t a n i c a . Mono-0-methyl amentoflavone and di-0-methyl hinoki-
flavone have been detected by TLC, 
The piraaolic extract ives of dried and powdered leaves of 
Cupressus l uc i t an i ca by solvent f rac t iona t ion , column chromato-
graphy followed by preparat ive TLC ( s i l i c a ge l , BPF-36:9:5) yield-
ed four. flavonoid components, labe l led as C l - I , C l - I I , C l - I I I 
and Cl-IV i n the order of increasing R^ values. 
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Cl-I (R„ value same as aDentotlavone), though homogeneous 
i n chromatographic behaviour on metiiylation gave two methyl ethers , 
Cl-IMI, and Cl-IMII (TLC) corresponding t o anentoflavone hexa-
methylether and cupressuflavone hexametfaylether, Cl-I was thus 
found t o be the mixture of amentoflavone and cupressuflavone which 
wexe iden t i f i ed in the form of t h e i r permethyl e the rs , by compa-
r i s e n of t h e i r H-NMR spect ra l data with t h a t of authentic samples 
and also by d i rec t comparison with our previous sanples i so la ted 
from J , pseudosabina. 
Cl-II was found to be the mixture of hinokiflavone and 
monomethyl ether of amentoflavone (minor) by TLC examination of 
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Cl-I I and i t s methylated products, Cl-II was therefore , subjected 
t o CCD separation as described ea r l i e r which yielded only one 
component, Cl - I Ia , the other component being in minor could not 
be recovered, C l - I I a was characterized as hinokiflavone by 
comparison of H-M4R spec t ra l data of i t s methyl ether and acetate 
der iva t ives with t h a t of authentic one, 
C l - I I I was character ized as II-^ '-O-methyl hinokiflavone 
(cryptomerin-A) (23d) by &-UMR spect ra l s tudies of i t s ace ta te , 
Cl-IV being minor could only be detected by TLC as d i - 0 -
m ethylhinokiflavone, 
I - 4 « , I I - 4 « , 1-5, I I - 5 , 1-7, II-7-Hexa-O-methyl / ' I - 3» , I I -8_7 
biflavone (Cl-IMI) 
Cl-IMI (Methyl e ther) mp 226-227° 
R^ value (BPF) O.Ao 
Shade in UV l i g h t Fluorescent yellow 
R^ value, mp, mmp and shade in UV l i g h t were found 
comparable with t ha t of JP-IMI. 
The r e s u l t s of H-IWR spec t ra l s tudies of Cl-IMI are 
recorded in Table XXI, 
The chemical sh i f t s of CI -mi were found iden t i ca l i n a l l 
r espec t s with t h a t of amentoflavone hexamethyl ether , Cl-IMI was, 
t he re fo re , assigned the s t ruc tu re I -4», I I -4« , 1-5, I I - 5 , 1-7, 
II-7-hexa-O-methyl fl-V , 11-8 J biflavone (1b) . 
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TABLE-XXI 
Chemical sh i f t s of protons of Cl-IMI 
Assignments 
H-I-6 
H-I-8 
K-II-6 
H-I-3 
H-II-3 
H-I-6' 
H-I-2 ' 
H-I-5 ' 
H-I I -2 ' 
H- I I -3 ' 
OCHj-II 
OCIL-I-
OCI^-I-
OCI^-I-
, 6 ' 
, 5 ' 
-5 
3 
•7,11-7 
.4« ,II-4« 
No. of 
protons 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
3 
3 
6 
6 
Signals 
6.36(d,J=2.5 Vz) 
6.56(d,J=2.5 Hz) 
o,o:>(s} 
6.52(s) 
6.54(s) 
7.93(q,J^=3Hz, J^^^Yiz.) 
7.85(d,J=3H2) 
7.12(d,J=9ife) 
7.38(d,J=9Hz) 
6.7(d,J=9Hz) 
4.06(s) 
3.94(s) 
3.92,3.84(s) 
3 .82,3.78(s) 
s = s ing le t , d « doublet, q = quar te t , spectrum run in CDCl, 
a t 100 MHz, TMS as in te rna l standard ( 8 - s c a l e ) . 
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I -4« , I I - 4 ' , 1-5, I I - 5 , 1-7, II-y-Hexa-O-methyl ^ 1 - 8 , llSj 
biflavone (C1~IMII) 
Cl-IMII (Methyl ether) mp 296-297° 
R^ value (BPF) 0.44 
Shade in UV l igh t Fluorescent Orange 
Cl-IMII showed no mp depression on admixture with the 
sample ^mhM of cupressuflavone hexamethyl ether and also 
found iden t i ca l in R^ and shade in UV l i gh t with t h a t of JJ>-IbM . 
1 
The r e su l t s of H-NMR spectrum of Cl-IMII are recorded 
i n Table-XXII. 
TABLE-XXII 
Chemical sh i f t s of protons of Cl-IMII and cupressuflavone 
hexamethyl ether . 
Assigned «, ^j^^.^ Cupressuflavone 
pos i t i on x-xrux hexamethyl ether 
H - I - 2 ' , 6 « , I I - 2 ' , 6 ' 7.28(d,4H,J=9Hz) 7.30(d,4H,J==9Hz) 
H - I - 3 ' , 5 ' , I I - 3 ' , 5 ' 6.74(d,4H,J=9Hz) 6.70(d,4H, J=9Hz) 
H-I-3,11-3,1-6,11-6 6.55(s,4H) 6.6o(s, 4H) 
OCH^-I-5, I I - 5 4,11(s,6H) 4.15(s, 6H) 
0CH^-I-4MI-4» 3.84(s,6H) 3.85(s, 6H) 
0CHj-I-7,II-7 3.75(s,6H) 3.75(s, 6H) 
s = singlet, d » doublet, spectrum run in CDCl, at 100 MHz, 
TMS as internal standard (6-scale) 
IS5 
The chemical sh i f t values of Cl-IMII were compared 
with tha t of cupressuflavone hexamethyl ether and foimd to be 
exactly i den t i ca l , 
Cl-IMII was therefore , assigned the s t ruc ture I - 4 « , I I - 4 ' , 
I-5,11-5,1-7,II-7-hexa-O-methyl / " I - S , II-8_,7biflavone (9b). 
I I - 4 ' , I -5 , I I -5 , I -7 , I I -7-Pentahydroxy /"I-4«-0-II-6_7biflavone 
(C l - I I a ) 
Cl - I Ia was acetylated with Ac^ O and pyridine to give 
an ace ta te , Cl-IIaA, 
Cl - I Ia mp 34A-345°C 
Cl-IIaA (Acetate) mp 239-24o°C 
The r e s u l t s of H-NMR spect ra l s tudies of Cl-IIaA are 
recorded in the Table-XXIII. 
TABLE-XXIII 
Chemical sh i f t s of protons of Cl-IIaA (S -scale) 
Assignments No. of protons s ignals 
H-I-6 
H-I-6 
H-II-8 
H-I-3 
H-II-3 
H-I-2»,6» 2 8.01(d, J=9.5Hz 
H-II-2«,6« 2 7.98(d, J=9.5 Hz 
H - I - 3 ' , 5 ' , I I - 3 ' , 5 ' 4 6.25(d, J = 9.5Hz; 
OAc-I-5,11-5,1-7,11-7, 15 2.44,2.36,2.26,2.14, 
I I -4« 2.12 (each s) 
s = singlet, d = doublet, spectrum run in CDCl^ at 100 MHz, 
TMS as internal standard. 
* Alternative assignment is possible. 
6.90(d,J=2Hz) 
7.52(d,J=2Hz) 
7.-20„(s) 
6.76*(s) 
6.66*(s) 
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The chemical sh i f t values of Cl-IIaA were found compar-
able with tha t of hinokiflavone pentaacetate . 
The f rac t ion Cl- I Ia was, therefore, assigned the s t ruc ture 
II-4«,1-5,11-5,1-7,II-7-Pentahydroxy / " I -4 ' -0- I I -6_7bi f lavone (23aj 
Mono-0-methyl amentoflavone 
The other component being minor could only be detected by 
TLC as monomethyl ether of amentoflavone (R^ values and character-
91 
i s t i c shade in UV l i gh t of CI-II and i t s methylated products) . 
I-5,11-5,1-7,II-7-Tetrahydroxy-II-4«-0-methyl / " I - 4 ' - 0 - I I - 6 _ 7 
biflavone (CI- I I I ) 
Cl-IIIM (Methyl ether) xm 260-26l°C 
.Cl-IIXA (Acetate) mp 246-247°C 
R„ values and cha rac t e r i s t i c fluorescence in UV l igh t of 
C l - I I I and i t s permethyl ether indicated i t to be a mono-0-methyl 
hinokif1avone. 
The H-mR spectrum of Cl - I I I A (ace t s te ) Fig. 3 indicated 
i t to be a monomethyl ether of hinokiflavone, Tiie MR : ^ec t r a l 
da ta of Cl-IIIA are shown i n the Table-XXIV. 
<N 
CO 
IT) 
U) 
— ' T D 
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TABLE - XXIV 
Chemical sh i f t s of protons of Cl-IIIA (aceta te) ( 5 - s c a l e ) . 
Assignment 
H-I-2',6« 
H-II-2',6' 
H-I-3S5»,II-3' 
H-II-8 
H-I-8 
H-I-6 
H-I-3,II-3 
0Me-II-4» 
0Ac-I-5,I-7,II-
-5' 
•7-II-5 
No. of 
protons 
2 
2 
4 
1 
1 
1 
2 
3 
12 
Signals 
7.82(d,J=8.5Hz) 
7.85(d,J=8.5Hz) 
7.05(d,J=9.5Hz) 
7.01(s) 
7.43(d,J=2H2) 
6.82(d,J=2Hz) 
6.58(s) 
3.87(s) 
2.12,2.26,2.35,2.43 
(each, s) 
s = s ing le t , d = doublet, spectrum in CDCl, at 100 MHz and IMS 
as in t e rna l standard. 
Cl - I I I was thus assigned the s t ructure 1-5, I I - 5 , 1-7, 
I I -7- te t rahydroxy-II-4«-0-methyl / ' l - 4 ' - 0 - I I - 6 _ 7 biflavone 
(cryptomerin-A) (23d). 
Cl-IV (minor) - I t was detected on TLC as dimethyl e ther 
of hinokiflavone by comparison of R^ values and cha rac t e r i s t i c 
fluorescence in UV l igh t of Cl-IV and i t s permethyl ether with 
Q i 
authent ic samples , 
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Chanical const i tuents from the Leaves of S teroul ia urens 
(Stercul iaceae) 
S teroul ia \irens (Sterculiaceae) i s d i s t r ibu ted in Bengal 
144 
and West and South India to Ceylon , I t s leaves have recently 
y 
been invest igated by An;3ane^u et a l , and found to contain only 
145 2',4'-dihydroxy-6'H3aethoxy-3'-niethyl chalcone . The present 
discussion i s devoted t c the isolatiorx and character iza t ion of 
two flavonoid diglycosides, quercetin 3-0-(6"-0-c(-L-rhaimopyrano-
syl)-^-D-glucopyranoside (73a) and kaeiig)ferol 3-0-(6"-0-oC-L-
rhaninopyranosyl)-^-D-glucopyranoside (73b) alongwith y^- s i tos terol 
(74),y5-amyrin (75a), 3-acetyl^-amyrin (75b) and es te r of t e r e -
ph tha l i c acid (76) , besides reported chalcone. The presoice of 
f lavonol diglycosides i s thus f i r s t reported i n the family s t e r -
cu l iaceae . This type of compound may serve as a useful taxonomic 
marker. 
The methanol extract of the powdered a i r dried leaves 
a f t e r pur i f i ca t ion and solvent f ract ionat ion with pe t . ether 
(60-80 ) , and benzene was t r ea ted with water. The water soluble 
f r ac t ion was extracted with butanol and was separated by p r ^ a r a -
t i v e paper chromatography (BAW-4:1:5) followed by column chromato-
graphy (Polyamide) into two components Su - I (R 0,46) and Su - I I 
(R^ 0 ,54) . These were characterized as quercetin 3-0-(6"-0-<^-L-
rhamnopyranosyl)-^ -O-glucopyranoside and kaenpferol 3-0-(6"-0-<< 
-L-rhamnopyranosyl)-^ -D-glucopyranoside by chromatographic and 
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spec t ra l s tud ies . Water insoluble fract ion contained, chalcone 
(TLC examination) and was not studied in d e t a i l . 
The pe t ro l and benzene fractions were combined and con-
centrated to a dark gummy mass which on repeated chromatography 
over s i l i c a gel yielded four non-flavonoidic f rac t ions Su- I 
(Rf 0 .05) , Su-IX (R^ 0.16) , Su-III (R^ 0.55) and Su-XV (R^ 0.58) 
(petrol-benzene, 1:1) corresponding to p - s i t o s t e r o l , ^- ain>'rin, 
e s t e r of t e reph tha l i c acid and 3-acetyl p - amyrin 
.CH2 ^ 
OH O^lT 
(73) 
(a ) R = OH = Rutin, Quercetin 3-0-rhamnoglucoside, 
(b) R = H = Kaanpferol 3-O-rhaninoglucoside. 
(74) 
H3C /CH3 
(75) 
( a ) R = H = p ^amyrin 
(b) R = CHj - C - = 3-acetyl R-amyrin 
160 
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Quercetin 3-^-(6"-0~oc-L-rharanopvranosvl)- P ~ D-Klucopyranoside 
Su - I , a pale yellow sol id , mp 188-190 C gave pos i t ive 
1'5Q 
Shinoda ^ and Molisch t e s t s . The chromatographic spot gqppeared 
deep purple xmder UV l i gh t wi-dch turned yellow with ammonia, 
ind ica t ing i t to be a flavone with 3-hydroxyl subs t i tu ted , UV 
absorption data and spectra l sh i f t s with diagnostic reagents 
indicated the presence of free 7-OH, 5-OH and 3 ' , 4»-Ortho 
1A6 / 
dihydroxyl groi^js i n Su - I , On complete hydrolysis with 8% 
a l e , KCl, i t gave quercetin, glucose and rhamnose. The sugars 
were ident i f ied by PC and quercetin by nrnip, comparison of i t s 
R^ value and UV spect ra l data v/ith authentic sample. Pa r t i a l 
hydrolysis of Su - I with ^% H,jSO, for 1 hr yielded a glycoside, 
Su - l a and rhamnose, Su - l a on further hydrolysis (acidic or 
6 6 
enzymic) afforded Su -IH, identified as quercetin and D-glucose, 
o 
D-glucose was identified by PC', The release of D-glucose by 
enzymic hydrolysis indicated the p -configuration in the glyco-
sidic linkage. The UV spectrum of the aglycone (Su -IH) 
o 
(quercetin) was almost similai:" to t ha t of Su - I and Su - l a 
o o 
except for the presence of free 3-hydroxyl (bathochromic shi f t 
in B a n d - I , acid s table complex formation with AlCl^,) which must 
therefore be glycosylated in Su -I and Su - l a , Su - l a was thus 
o o o 
identified as quercetin 3-0-B-D-glucoside. The above treatment 
also showed that the sugars must be in the disaccharide form 
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l inked to only one pos i t ion of the aglycone (C-3 of quercetin) 
with rhamnose as the terminal, sugar, Acetylation of Su - I with 
ACpO and pyridine afforded an ace ta te , Su -lA mp 135 • The 
r e s u l t s of H-NMR spectrum of the acetate (Su -lA) are recorded 
S 
i n Table-XXV. 
TABLE - XXV 
Chemical sh i f t s of protons of Su -lA. 
S 
Assignments No, of protons Signals 
H-8 
K-6 
H-2' 
H-6' 
H-5' 
H-5",6"(glucosyl protons) 
H-5'" (rhamnosyl protons ) 
H-1"» (rhamnosyl C-1 proton) 
H-2",3",4"(glucosyl) 
H-2«' ,3"S 4"' (rhamnosyl) 
H-1" (glycosyl C-1 proton) 
Rhamnosyl methyl (H-6'" ) 
Aromatic acetoxyls 
Aliphatic acetoxyls 
1 
1 
1 
1 
1 
4 
1 
6 
1 
3 
12 
18 
7.32(d,J=2.5Kz) 
6.84(d,J=2.5Kz) 
7.95(d,J=2.5Hz) 
S,02(q,J=2.5Hz, and 9Hz) 
7.35(d,J=9Hz) 
3.35-3.60(m) 
4.52(d,Jee=2H2) 
5.05-5.30 
5.35(d,Jaa=7Hz) 
0.91(m) 
2.30-2.45 
1.92-2,15 
s = singlet, d = doublet, q == quartet, m = multiplet, spectrum 
run in CDCl, at 60 MHz, TMS as internal standard (8-scale). 
1 
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The H-l^iR spectrum (Fig, 4) showed the presence of 
four aromatic and six sugar acetoxyls^ confirming Su -I to be 
a disaccharide glycoside. An ABX pat te rn due to a 3 ' , 4 » -
d i subs t i tu t ion as doublet at 8 7.95 (J = 2,5 Hz), a doublet 
at 8 7,55 (J = 9Hz) and a double doublet at 8 8,02 (J= 2.5Hz 
and 9Hz) assigned to H-2», H-5' and H-5 ' , respect ively . The 
5 ,7 -d i subs t i tu t ion of the ring A was demonstrated by the p r e -
sence of two doublets a t 5 6,84 and 7,32 each v;ith met a coupl-
ing (J = 2,5Hz ascribed to H-6 and H-8, respect ively , A mult i -
p l e t centered at S 0,91 and a doublet at 8 4,52 (J=2Hz) were 
assigned to rhamnose methyl and rhamnose C-1, protons respec-
t i v e l y . The chemical sh i f t of rhamnose C-1 proton (H-V") 
(8 4,52) compared with tha t reported for a rhamnose d i r ec t ly 
attached to on a glycone (S 5,68) indicated tha t rhamnose should 
be a second moiety of a rhamnosyl-glucosyl disaccharide. The 
anomeric proton (H-1") of glucose appeared as a doublet at 6 5.35 
(J = 7Hz), This chemical sh i f t confirmed the d i rec t attachment 
of the glucose t o the aglycone and the d iaxia l coupling (J = 7Hz) 
between H-1" and H-2" indicated B-configuration. Of the two 
glucose - rhamnose disaccharides, rut inosides and neohesperido-
sides (6 - and 2-0-oc-L-rhamnopyranosyl-D-glucopyranose respec-
t i v e l y ) are reported in the na tura l ly occurring flavonoid 
14? glycosides 
1 
The H-NMR spectra are cha rac te r i s t i ca l ly di f ferent in the 
pos i t ion of the s ignals of the rhamnose C-1 proton. In the 
161 
former it appears at about o 4,45 and in the latter at about 
5 4,95. In oxor case, it appeared at S 4,52 (d,J=2Hz) indicative 
148 
of a rutinoside , The rhanmose methyl signal which appeared 
as multiplet at S 0.91 also suggested the rutinose moiety as 
this signal commonly appears as a complex multiplet at 5 0,80 -
0.95 in rutinosides and as a doublet at 6 1.1-1.2 ( J = 6 H Z ) in 
neohesperidosides. Definite proof for the correct formulation 
of Su -I was obtained from '''C-NMR data. The chemical shift for 
O 
C-3 was 133.49 and i s about 2,01 ppm upfield which was similar 
t o tha t expected for 3-0-glucosylation and not for 3-0 rhamnosyla-
t i o n as i t produces a shif t of only 1,05 ppm upfield supporting 
t h a t the glucose was attached to the aglycone. The downfield 
sh i f t (5.1 ppm)of C-6" and the upfield of C-5" ( - -1 .0 ppm) with 
respect to D-glucose can be ascribed due to rhamnosylation at 
1 4Q isn OH-6" of glucose ^ » ' ^ , Thus C-1 of rhamnose was linked to C-6 
of glucose and C-1 of glucose was l inked to C-3 of aglycone, both 
having pyranose s t ruc tures with oc and p - configurations respec-
140 t i v e l y . Su -I on permethylation by Hakomori's method followed 
by hydrolysis afforded quercetin 5 ,7 ,3 ' ,4»- te t ramethyl ether, 
2,3,4-tri-O-methyl-D-glucose (R^ 0.54) and 2,3,4-tr i-O-methyl-L-
rhamnose (R^ 0 .75) . The p a r t i a l l y methylated sugar were i d o i t i -
f ied on TLC ( s i l i c a ge l , Toluene-MeOH-4:1) by comparison of R^ 
values of the same sugars reported in the l i t e r a t u r e , The 
aglycone with AlCl, showed a bathochromic sh i f t of 60 nm confirm-
ing fur ther i t s 3-glycosylation, 
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On the basis of above fac ts 3u - I was characterized 
as quercetin 3-0-(6"-0-oc-L-rhaninopyranosyl)- ^ - D - gluco-
pyranoside (75a). 
° 7 ^ ' 
C/, H 
/ ^ 
0 
OH H 
(73a) 
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Kaempferol 3-0~(6"-0-oc-L-rhaninopyranosyl) - fi -D-glucopyrano~ 
side (Su - I I ) 
n 
Su -II, pale yellow solid, mp 153-15^ C gave positive 
o 1"5Q Shinoda t e s t -^ ^ and Molisch t e s t . The chromatographic spot 
appeared deep purple under UV l igh t which turned yellow with 
ammonia, indicat ing i t to be a flavone with 3-hydroxyl subs t i -
tu t ed , UV absorption sh i f t s with diagnostic reagents indicated 
the presence of free 7-OH, 5-OH and 4'-OH groups in Su_-II . The 
\^WiR data of Su - I I in (DMSO- dg) showed s ignals at 8 8.02 
(d, J=9Hz), 5 6.90 (d,J=9Hz),S 6.35 (d,J=2.5Hz) and 5 6.23 
(d,J=2.5Hz) were assigned to H-2' ,6«, H - 3 ' , 5 ' , H-8 and H-6 
respect ive ly . A doublet centred at 51 ,05 (J=6Hz) and a s ingle t 
a t 8 4,43 were assigned to rhamnose methyl and rhamnose C-1 
protons respect ively , A doublet at 8 5,30 (J=7Hz) was assigned 
to glucosyl anomeric proton. The other sugar protons showed 
consis tent ly a broad absorption in the range 8 3 , 2 4 - 4 , 2 7 , The 
above data are in agreement with a s t ruc ture in which the sugar 
moiety i s linked to C-3 of Kaecpferol, 
On complete hydrolysis with 8% a l e , HCl, i t gave 
kaempferol, glucose and rhamnose. The sugars were iden t i f i ed by 
PC and kaempferol by nmp, comparison of i t s R~ value and UV 
spec t ra l data with authentic sample. 
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Partial hydrolysis of Sug-H with 1% H2S0^ for 1 hr yielded 
a glycoside, Su -Ila and rhamnose indicating rhamnose as the ter-
minal sugar in Su -II. Su -Ila on further hydrolysis (acidic or 
S S 
enzymic) afforded kaempferol and D-glucose, D-glucose was identi-
fied by PC. The release of D-glucose by enzymic hydrolysis showed 
R-configuration in the glycosidic linkage. Su -Ila was thus 
identified as kaenipferol3-0-p-D-glucoside. The above treatment 
also showed that the two sugars must be in the disaccharide f crra 
linked to C-3 of kaenipferol with rhamnose as the terminal sugar, 
Acetylation of Su -II with AC2O and pyridine gave an 
acetate, mp 89°C, 
-1 
The H-NMR spectrum of Su -IIA (Fig, 5) showed the presence 
6 
of three aromatic and six sugar acetoxyls.confirming Su - I I to be 
a disaccharide glycoside. The A-ring protons at 6 and 8 posi t ions 
appeared as doublets a t 8 6,87 (J=2,5Hz) and 7.20 (J=2.5Hz) 
respec t ive ly . The B-ring protons formed an A2B2 pa t t e rn . The 
3 ' , 5 ' protons appeared a t 5 7.32 (Bp p a r t of A2B2, J = 9Hz) and 
2 ' , 6 ' protons appeared a t S 8,10 (A2 p a r t of A2B2, J = 9Hz). A 
mul t ip le t centred at 5 I.06 and a doublet a t 8 ^.53 (J =2Hz) were 
assigned to rhamnose methyl and rhamnose C-1 protons respect ive ly . 
The low J value (2Hz) of rhamnose C-1 proton a t 8 4,53 
indicated equatorial - equator ia l covqpling with C - 2 proton 
( H - 2 " ' ) suggesting i t s oQ-configjuration. The chemical sh i f t of 
rhamnose C-1 proton (H-1 '») ( 8 4 . 5 3 ) compared with tha t for a 
i-
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TABLE - XXVI 
Chemical shifts of protons of Su -IIA 
Assignments 
H-6 
H-8 
H-3',5' 
H-2«,6« 
H-5",6"(glucosyl protons) 
H-S*" (rhamnosyl proton) 
No. of 
protons 
1 
1 
2. 
2 
4 
H-1'*» (rhamnosyl C-1 proton) 1 
H-2«,3",4"(glycosyl) 
H-2«', 3"^  , 4'" (rhamnosyl) 
H-1"(glucosyl C-1 proton) 
Rhamnosyl methyl (H-6"») 
Aromatic acetoxyls 
Aliphatic acetoxyls 
6 
1 
3 
9 
18 
Signals 
6,87(d,J=2.5Hz) 
7.20(d,J=2.5Hz) 
7.32(d,J= 9H2) 
8.lO(d,J=9Hz) 
3.36- 3.66 (m) 
4.53(d,Jee= 2Hz) 
5.10-5.25 
5.37(d,Jaa=7Hz) 
1.06(m ) 
2.31-2.45 
1.95-2.13 
s = singlet, d = doublet, q = quartet, spectrum run in CIXH^ 
at 60 MHz, TMS as internal standard ( 5 -scale). 
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rhamnose d i rec t ly attached to an aglycone (8 5.68) indicated tha t 
rhamnose should be a second moiety of a rhamnosyl-glucosyl d i -
saccharide. The anomeric proton (H-1") of glucose appeared as a 
doublet at 6 5.37 (J = 7Hz). This chemical sh i f t confirmed the 
d i r e c t attachment of the glucose to the aglycone and the d iax ia l 
coupling (J = 7Hz) between H-1" and H-2" indicated p-configurat iorl 
Thus the H-It'iR spectrum i s cha rac te r i s t i ca l ly d i f ferent at 
rhamnose C-1 proton from tha t of neohesperidosides. In the case 
of ru t inos ides i t appears at about 5 4.45 while in the case of 
neohesperidosides i t appears at about 8 4,95. In our case i t 
8 148 
_^j . _- 4,53 (d,J=2Hz) indica t ive of a ru t inos ide , The 
s igna ls at ^ 4,53-5.37 integrat ing for eight protons , represented 
the hydrogens at posi t ions 1,2,3 and 4 of glucose and 1,2,3 and 
4 of rhamnose and the signals at 8 3 .36 - 3.66, in t eg ra t ing for 
four protons, represented the hydrogens at the pos i t ions of 5 and 
6 of glucose and 5 of rhamnose, Su - I I on permethylation followed 
by hydrolysis gave 'kaempferx)l 5 ,7 ,4 ' - t r imethyl e ther , 2 , 3 , 4 - t r i -
0-methyl-L-rhamnose and 2,3,4-tri-O-methyl-D-glucose, The release 
of these p a r t i a l l y methylated sugars showed tha t rhamnose and 
glucose are present as the pyranase form in the glycoside. 
Based on the above fac ts Su - I I was characterized as 
kaen?)ferol 3-0-(6"-0-OC: -L - rhamnopyranosyl) - p -D-glucopyranoside 
(73b). 
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OH 
V^  OH ^ 
OH H 
C73b) 
B - s i t o s t e r o l ( S u - I ) 
S u - I mp 136-137 C 
R^ 0.05 
152 15^ 154 
I t gave pos i t ive colour t e s t s -^  > -'^t -^  for an unsatura-
ted s te ro id ; tJie IR spectrum demonstrated the presence of hydroxyil 
171 
1 —1 
(3250 cm" ) and u n s a t u r a t i o n (1640 cm ) func t ions i n t h e 
molecule . The C-OH s t r e t c h i n g band a t 1040 cm suggested t h e 
presence of an e q u a t o r i a l hydroxyl group l o c a t e d a t t h e C-3 
155 p o s i t i o n of an A/B t r a n s s t e r o i d , The appearance of a band 
a t 835 cm" demonstrated t h a t i t conta ined a t r i s u b s t i t u t e d 
double bond''^ . The s t r u c t u r e was confirmed by H-fWR and a l so 
by d i r e c t comparison of R^ v a l u e , mmp wi th a u t h e n t i c ^ - s i t o -
s t e r o l . 
1 
The r e s u l t s of H-NMR are given below. 
TABLE - XXVII 
Chemical s h i f t s of p ro tons of Su-I 
Assignment No, of p ro tons S i g n a l s 
Me- 18 3 0.68 ( s ) 
M e - 2 8 3 Oi.74(d,J=6Hz) 
Me-26,27 6 0 .84(d,J=6.5Hz) 
Me- 21 3 0 .92(d,J=6.5Hz) 
I'ie- 19 3 1.01 ( s ) 
H-3 (ax) 1 3.52(m ) 
OH 1 5.15(m) 
O l e f i n i c pro ton 1 5.39(m) 
-CH2- and -CH- p ro tons of 1 . 0 7 - 2 . 3 4 
c y c l i c system and s ide chain 
s = s i n g l e t , d = double t ; spectrum run in CDCl, a t 60 FiHz, 
TMS as i n t e r n a l s t andard ( 5 - s c a l e ) . 
TABLE - XXVIII 
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Assignments No, of p ro tons S igna l s 
T e r t i a r y methyl 
- d o -
- d o -
- d o -
- d o -
- d o -
~do-
-CHp - and, CH-protons 
3 
3 
6 
3 
3 
3 
3 
of cyclic system and side chain 
CH-OH 1 
-0-H 1 
Olefinic proton 1 
0.78(s) 
0.83(s) 
0.88(s) 
0.95(s) 
0.98(s) 
1.0(s) 
1.14(3H,S) 
1.08-2.01 
3.21(dd,J=9&7Hz) 
A,88(a broad singlet) 
3.21(m} 
s = singlet, dd = doublet of doublet, m = multiplet, spectrum 
run in CDCl, at 6o MHz, TMS as internal standard (8 -scale). 
Su-II was thus assigned as p-amyrin. 
Ester of t e rephtha l ic acid (Su-II I ) 
174 
Su-III mp 142°C 
R^ 0.55 
I t s IR spectrum showed the presence of a keto group 
1 1 
(1730 cm" ) and an aromatic ring a t 1530 cm" which was further 
-I 
confirmed by i t s H-NKiR spectrum which demonstrated the presence 
of only two types of protons, aromatic protons a t § 8.11 and 
methoxyl protons a t 8 3 .91 , s ingle t in each case, with the 
proton in tens i ty in the ra t io 4:6, Since a l l the four aromatic 
protons are equivalent, i t must be j^ -subs t i tu ted with the same 
group. I t was fiirther confirmed by i t s mass spec t ra l fragmenta-
t i o n . The fragment ions a t 194 /"M_7 t ( 2 2 . 7 ) , 164 (10.3) , 
163 (100), 135 (28 .5) , 104 (7,6) and 103 (15.6) can well be 
i l l u s t r a t e d by considering the mass fragmentations of the s t ruc -
t u r e (76). 
0 
(I 
c -
•OCH. 
-OCH3 
-* rn /e l63 
(100) 
H 
ClO-3) 
c-
0 
•OCH 
-COOCH3 
m/e 135 
(28 -5 ) 
M- - O C H 3 , 
CO OCH 3 
ni/ei04 
C 7-6) 
- H 
fn/e103 
(15-6 ) 
3-Acetyl P-amvrin (Su-IV) 
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Su - IV mp 239 C 
R^ 0.58 
154 It gave positive test for pentacyclic triterpenoid 
and was characterized as 3-acetyl p -amyrin from its IR, H-NMR 
and mass spectral studies. 
1 
The r e s u l t s of H-MyiR s t u d i e s of Su-IV a r e recorded i n 
t h e Table-XXIX. 
TABLE - XXIX 
Chemical s h i f t s of p ro tons of Su-IV 
Assignments No-, ojf p ro tons S i g n a l s 
T e r t i a r y methyl 
T e r t i a r y methyl 
T e r t i a r y methyl 
T e r t i a r y methyl 
-CHp- and -CH- pro tons 
CH^- CO-
>CH OAc 
O l e f i n i c H 
3 
2 
6 
3 
3 
1 
1 
0 . 7 9 ( s ) 
0 . 8 4 ( s ) 
0 . 9 4 ( s ) 
1 .08(s) 
1 .22-1.85 
1 .99(s) 
4.44(dd,J=10&7Hz) 
5.48(t,J=AHz) 
s = s i n g l e t , d = doub le t , dd = double t of d o u b l e t , spectrum 
run i n CDCl, a t 90 MHz, TMS as i n t e r n a l s t andard ( 8 - s c a l e ) . 
U-
ro 
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f^ X 1 / S 
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-1 
H-Il^ R spectrum of the compound (Fig. 6) revealed 
eight t e r t i a r y methyl signals between S 0.79-1.08 and an 
acetoxyl signal at 5 1.99, which was corroborated by IR 
(^ „,cv 1730 cm" ) and the ion at m/e Ao8 fVi-SO J in the mass 
spectruiE. At 8 4.44 (1H,dd,J=lO and 7 Hz) >CH-OAc showed i t 
to be secondary and at 5 5.48 (1K,t,J=4Hz), due to proton of 
a t r i s u b s t i t u t e d double bond. The mass spectrum showed the 
molecular ion peak at m/e 468 (5.68) and the fragment ion peaks 
a t m/e 453 (2.09)(M^ - CH,), loss of methyl from the angxilar 
C-17 pos i t ion , m/e 408 (1.06)(M"^ - HAc), m/e 393 (1.17)(M"^-Me-HAc); 
m/e 218 r ings D/E (100) indicat ing tha t the compound i s a ^ -
157 
amyrin der ivat ive and m/e 203 (r ings D/E-Me), (34.09)» m/e 
133 (6 .18) , m/e 175 (6 .81) . 
Alkaline hydrolysis of Su-IV with 10% NaOH-EtOH yielded 
^ -amyrin as confirmed by mmp R^ value and comparing i t s H-It4R 
spectrum with t ha t of p -amyrin. Therefore the compound was 
iden t i f i ed as 3-acetyl ^-amyrin. 
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Chemical const i tuents of the leaves of Salix babvlonica 
(Salicaceae) 
The genus Sal ix (Fam, Salicaceae) comprising about 300 
158 
species , has a world wide d i s t r ibu t ion -"^  . 
The s i s t e r species examined so far were fo\jnd t o contain 
mostly flavonoids and t h e i r glycosides. However, the present 
work describes the i so l a t i on and character izat ion of th ree non-
flavonoidic glycosides, benzyl e s t e r of gent i s ic acid 2 ' - 0 -
acetyl p-D-glucoside (77a), benzyl e s t e r of gen t i s i c acid ^-D-
glucoside (77b) and s a l i c i n (78) along with the e s t e r of te reph-
t h a l i c acid (76), ka^mpferol 7-0-glucoside (79a), apigenin 7-0-
galactoside (79b) and l u t eo l i n 4 '-0-glucoside (79c) from the 
leaf esctracts of Sal ix babylonica. To our knowledge benzyl e s t e r 
of gen t i s i c acid 2 ' -0 -ace ty l p-D-glucoside (77a) has been repor-
t ed for the f i r s t time from natura l source. 
The methanolic ext rac t of defatted leaves of the p lant 
a f t e r pur i f i ca t ion by solvent f ract ionat ion was t r e a t e d with 
e thyl aceta te to give ethyl aceta te insoluble and ethyl acetate 
soluble f rac t ions . The ethyl ace ta te insoluble f rac t ion on 
repeated column chromatography ( s i l i c a gel) yielded three non-
flavonoidic glycosides, label led as S b g _ l , s b g - I I and S b g - I I I 
i n the decreasing order of R^ values (TLC, s i l i c a ge l , BDH, 
EtOAc-MeOH- H2O- 8 :1 :1) . Sbg- I was iden t i f ied as a new com-
pound, benzyl es te r of gen t i s i c acid 2«-0-acetyl ^ -D-g luoos ide , 
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(77) 
(a) R=-C-CH2 ; Benzyl ester of gentisic acid 2'-0-acetyl p-D-
0 
glucoside 
(b) R = H; Benzyl ester of gentisic acid p -D-glucoside. 
" ^ 0 ^ . . H H 
^ 0 
-CH2OH 
(78) 
Salicin 
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( 7 9 ) 
(a) Kaeii5)ferol 7-0-glucoside. 
R » R2 = H, R^ = OH, R^  = glucose 
(b) Apigenin 7-0- ^ -D~galactoside. 
R = Rp = R, H, R^ = p-D-galactose 
(c) Luteolin 4«-0-glucoside 
R^=R, = H, R = OH, R^' glucose 
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Sbg-II as benzyl ester of /gentisic acid p-D-glucoside 
(trichocarpin) and Sbg-IH as salicin by spectral (IR, H-NMR, 
Mass), hydrolytic and chromatographic studies of the glyco-
sides. 
The ethyl acetate soluble fraction was chromatographed 
over silica gel column using organic solvents in increasing order 
of polarity, as the eluant, Elution of the column with petrol-
benzene (1:1) yielded a colourless solid compound, Sb- X, which 
was identified as ester of terephthalic acid (R , mp, mmp, and 
spectral data). The fractions obtained with benzene-ethyl ace-
tate (3:7, 1:4 and 1:9) gave positive tests for flavonoid glyco-
sides. The concentrate of these fractions was subjected to pre-
parative PC (Whatman No, 3, 15% acetic acid) to yield three fla-
vonoidic components, labelled as Sbfg-I (R^ 0,13), Sb^g - II 
(R^ 0,23) and Sb^ -III (R^ 0.34). These were identified as 
kaempferol 7-0-glucoside, apigenin 7-0-galactoside and luteolin 
4'-0-glucoside respectively by chromatographic and spectral stu-
dies of the glycosides as well as the hydrolysed products. 
Benzyl ester of gentisic acid 2'-0—acetyl P- D- ^ lucoside 
(2'-0-acetyl trichocarpin)(Sbg - I ) 
Sbg-I, white needle shaped crystals, analysed for 
^22^24^10* °^P 170-171 , on enzymic hydrolysis afforded benzyl 
ester of gentisic acid (trichocarpigenin) as the aglycone, 
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i den t i f i ed by d i rec t comparison with the sample, Sb_- I IH (TLC, 
mmp and IR) , The aqueous layer on further hydrolysis with acid 
gave D-glucose (PC), IR spectnim of Sb - I showed the presence 
1 —1 
of hydroxyl groups at 3500cm~ (non-hydrogen bonded) and 3250cm 
(hydrogen bonded), acetyl carbonyl groi^ at 1730cm" and aromatic 
conjugated carbonyl groi^) at 1678cm , Thus, the compound was 
an acetylated glucoside of benzyl es te r of gen t i s i c acid 
(ace ty la ted glucoside of t r ichocarpigenin) , H-NMR spectrum of 
Sb--I (Fig, 7) was found iden t i ca l with tha t of Sb - I I 
(Trichocarpin) except the glucosyl par t of the spectrum in which 
an addi t ional signal at 51 .96 ( integrated for t h ree protons) due 
to the a l ipha t ic acetoxyl groi?) was observed. The assignment of 
protons i s shown in Table-XXXI. 
TABLE-XXn 
Chemical sh i f t s of protons of Sbg-I 
Assignment No, of protons Signals 
C2, -OAc 
C3,-H, C^,-H, C^.-H and Cg,-H 
C^,-H (anomeric proton) 
C2.-H, C^.-OH, C^,-OH, Cg,-OH 
and C^2-^ 
Aromatic protons 
Phenolic proton 
3 
5 
1 
6 
8 
1 
1,96.(s) 
3,29-3.57(m) 
4,52(d,J=7Hz) 
4 , 6 3 - 5.34 
(unresolved 
peaks) 
6 .81-7 ,74(m) 
10,46(s) 
s = s i ng l e t , d = doid)let, m = mul t ip le t ; spectrum run in 
DMSO-dg at 80 MHz, TMS as int^a^al standard ( 8 - s c a l e ) . 
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The protons of C,,-H, C^,-H, Cc,-H and Cg,-H of glucosyl 
unit appeared as a complex multiplet between 8 3.29-3.57 
integrated for five protons. The anomeric proton (C^,-H) showed 
a doublet at 5 4.52 with a coupling constant of 7Hz. The large 
coupling constant suggested the siogar linkage with ^ -configura-
tion. The p -linkage was also evident from the release of D-
glucose by the eizymic hydrolysis (p -glucosidase) of the glyco-
side (Sbg-I)* The signals between 8 4.63- 5.34 integrated for 
six protons were attributed to Cpi-H, the hydroxyl protons of 
the glucose residue and of the C^p-Pro'^ons, The aromatic pro-
tons showed signals between 8 6.81- 7.74 integrated for eight 
protons and the phenolic proton appeared as a singlet at 8 10,46, 
The position of acetyl group in glucose unit of the molecule was 
ascertained by the fact that acetylation of a ring hydroxyl cau-
ses deshielding effect on the neighbouring protons. The anomeric 
proton (H-1') was shifted downfield from 8 4,49 (trichocarpin. 
Table-XXXII) to 8 4.52, indicating the acetoxyl group at C2, in 
the glucose unit. The acetoxyl groi:^  at Cg, was ruled out as it 
would shift two protons downfield thereby the region 8 4.65-
5.34 would have been integrated for seven protons instead of six. 
The acetoxyl group at C^, or C., , was also ruled out for if 
either of these positions were acetylated, the corresponding pro-
tons should be shifted more than those of 02% or Cg,. The ace-
toxyl grot:?) signal (81.96) at C2, was also supported by the 
observation that the acetate signal at C2, appears at highest 
CH20H 183 
H 0—C—CH3 
/I 
0 
<^n m/e 205(33-3) 
CH2 
^ 0—C—CH. 
II 
( I I ) m /e i p7 ,0 
< ^ ) " ' / e 2 4 4 ( 2 3 - 0 7 ) 
HO // V OH 4-
C^0+ 
(VI )m/e i37( io-25) 
CH^ 
(VII)m/giQ7^,QQ. 
V> ^ CH^—C=6 
"'/e4 3(66-7) 
OH 
( I I I ) m/e 145(15-38) ( r v ;m/e i27 f25 .6 ) 
CHART - 1 2 
f ie ld ( 8 1»95- 1.97) while the other acetate s ignals appear at 
r e l a t ive ly low f i e ld ( 5 2 .07-2 .09)^^^ . This i s also in con-
formity with the fact t ha t such glycosides of na tu ra l products 
are subst i tuted predominently at C^^^ or C^, pos i t ion . The mass 
spectrum of Sbg.-! (Char t - 12) showed no molecular ion peak but 
the peaks a t m/e 244 (V) and m/e 205 (1) were observed, probably 
due t o the primary rupture of glycosidic linkage in Sbg-I, 
supporting the above fac t s for i t s s t ruc ture . The base peak and 
other major peaks were a t t r ibu ted to the fragments as shown in 
the ( C h a r t - 1 2 ) , Based on above f ac t s , S b g - I was iden t i f ied as 
benzyl e s t e r of gen t i s ic acid 2«-0-acetyl- ^ -D-glucoside (77a), 
a new compound. 
Benzyl es te r of g a i t i s l c acid B -D-glucoside (Trichocarpin) 
( S b g - I I ) 
S b g - I I , white needle shaped c r y s t a l s , was analysed for 
^20^22^9» °^ P ^^"^^^ ( l i t j ^ mp 134-36°C) gave pos i t ive Molisch 
t e s t for glycosida. On sizymic hydrolysis i t gave t r i c h o c a r p i -
genin and glucose. I t was a monoglucoside of t r ichocarpigenin 
was evident from the H-4«4R spec t ra l data of Sbg-II as shown in 
Table-XXXII. 
1 
The H^ ^MR spectrum of Sb_-II showed s ignals between 
g 
3,28-3,71 which accounted for the C2,-H, C,,-H, C^,-H, Cn,-H 
and Cg,-H of the glucosyl residue. The anoiAeric proton (C.,-H) 
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TABLE - XXXII 
Chemical sh i f t s of protons of Sbg- I I 
Assignment 
C21-H, C^,-H, C^,-H, C^t~^ 
and Cg,-H 
C^,-H (anomeric proton) 
C2,-0H, Ca,-OH, C^,-OH and 
Cg.-OH 
S2-« 
Aromatic protons 
Phenolic proton 
No. of 
protons 
6 
1 
k 
2 
8 
1 
Signals 
3.28 - 3.71(m) 
4.^(d,J=7Hz) 
4.77, 4.88, 4.93, 
5,23 Prominent peaks 
from complex reso-
nances 
5.45(s) 
6.90-7.84(m) 
10.5(s) 
s = s ing le t , d = doublet, m = mul t ip le t , spectrum run in 
DMSO-dg at 80 MHz, IMS as in t e rna l standard ( 8 - s c a l e ) . 
acpp eared as a masked doublet at g 4.49 with a coiq)llng constant 
of 7H2, The l a rge coupling constant (Ja7Hz) due to t r ans 
d iax ia l coupling with the C2,-H proton, indicated the sugar 
l inkage with p-conf igura t ion. The s ignals between 8 4 . 7 7 - 5 . 2 3 
were assigned t o the hydroxyl protons of the glucose residue^^' ' . 
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The s ing le t at 8 5.45 integrated for two protons was assigned 
t o C^p protons . The aromatic protons appeared between 
5 6 , 9 0 - 7,84 integrated for 8 protons and the phenolic proton 
a t 8 10,5. Enz:/mic hydrolysis with p-glucosidase of the glyco-
side afforded D-glucose and trichocarpingenin iden t i f ied by mp, 
mmp and conparing the IR spectrum with the authentic one. Thus 
the glycoside Sb -IX was a R-glucoside of t r ichocarpigenin, 
O 
This structure was also evident from the mass spectral fragments 
of Sb„-II, The mass spectrum of the glycoside was found to con-
tain the following ma;3or and important m/e peaks with relative 
intensity for each peak noted in parentheses: 244 (12,82); 
163 (0.66); 145 (1.92); 137 (12,82); 127 (1.92); 107 (100); 91 
(7.69). These can well be accounted in the (Chart- 13). The 
peaks at m/e 244 and m/e 163 corresponding to the ion (IV) and 
(I) indicated the primary fragmentation in accordance with the 
(Chart-13). Sbg-II was thus identified as benzyl ester of 
gentisic acid ^-D-glucoside (77b). 
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Sal ic in (Sbg-III) 
Sbo.-III, colourless needle snapecL c r y s t a l s , mp 195-96 C, 
gave pos i t ive Molisch t e s t for glycosides. On acid and enzymic 
hydrolysis i t gave s a l i c y l alcohol and glucose as the hydrolysed 
products. Thus i t was a glucoside of s a l i c y l alcohol. That i t 
was a mono glucoside of s a l i cy l alcohol was evident from the 
''H-NMR spec t ra l data of i t s acetate (Sbg-IIIA) as shown in the 
Table-XXXIII. 
TABLE-XXXIII 
Chemical sh i f t s of protons of Sbg-IIIA 
Assignment No. 
Aliphatic acetoxyl protons 
C^,-H 
Cg.-H 
C^,-H, C^.-H, C^,-H, C^,-H and 
C^-H 
Aromatic protons 
of proton 
15 
1 
2 
6 
4 
Signals 
2.05(s) 
3.88(m) 
4.24(m) 
5.02-533(m) 
6.92- 7.47 
s s s ing le t , m = mul t ip le t , spectrum run in CDCl, a t 6o liHz, 
TMS as in t e rna l standard ( 8 - s c a l e ) . 
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1 
The H-NMR spectrum showed signals due to five a l ipha t i c 
acetoxyls a t 8 2.03 (15H), a one proton raultiplet a t 8 3.83 for 
Cc,-H and a two proton raultiplet a t § 4.24 for C^.-H. The 
s ignals over the range 5 5 .02 -5 .33 were accounted for the six 
protons of the C.,-H, Cp.-H, C^,-H, C^,-H and C^-H. The aromatic 
protons appeared as a multiplet in the range S 6.92 - 7 . 4 7 . Thus 
Sb - I I I was assigned as the glucoside of sa l i cy l alcohol (78). S 
Ester of t e rephtha l ic acid (Sb-X) 
Sb-X mp 141°C 
R^ 0.55 
White needle shaped crys ta l s showed signals in the 
E-NMR spectrum at 8 8.10 and 5 3.90 which account for four a ro -
matic protons and s ix protons for the two methoxyls. I t was 
fur ther confirmed as es ter of te rephthal ic acid by R^ , mp, mmp 
and d i rec t comparison of physical data with t h a t of the sample, 
Su-III of S tercul ia urens. 
Kaempferol 7-0-glucoside (Sb^g- I i* 
Sb^ - I , yellow cubes, mp 227°C ( l i t . ' ' ^ ^ mp 228°C) appeared 
br igh t yellow in UV l i gh t on paper. On acid hydrolysis i t gave 
an aglycone mp 278°C and a sugar. The aglycone was iden t i f i ed as 
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kaempferol by d i rec t comparison with authentic specimen and 
also by UV spect ra l s tud ies . The sugar was ident i f ied as D-
glucose by paper chromatography. The UV absorption spectra of 
Sb- - I (Table-XXXIV) agreed well with tha t of kaempferol glyco-
l s 
s ide in which the sugar i s attached to the 7-posit ion of the 
flavone nucleus. Sb^ - I showed a s l igh t hypsochromic sh i f t in 
Band-II with sodium aceta te wtiile i t s aglycone revealed a batho-
chromic sh i f t of 8 nm (266 to 274) showing tha t the sugar must 
be linked to C-7 of kaempferol. Sb- - I was thus assigned the 
s t ruc tu re as kaempferol 7-0-glucoside (79a) . 
Apigenin 7-0-p-D-galactos ide (Sb^ - I I ) 
Sb^ - I I , a pale yellow so l id , 115) 238-2A0 C, gave pos i t ive 
t e s t s for flavonoid glycosides. On acid hydrolysis i t gave 
apigenin, iden t i f i ed by np, mmp, comparing R« value and UV spec-
t r a l data with authentic sample. Sugar was iden t i f i ed as galac-
tose by Co-Chromatography on Whatman No. 1 with authentic galac-
t o s e . The point of attachment and the configuation at C-1 were 
establ ished by UV and H-NMR spect ra l s tudies of the glycoside 
and i t s acetate (Sb^ - I IA) . Bathochromic sh i f t s of A8 nm and 
45 nm with AlCl, and A1C1,+HC1 respect ively indicated the presence 
of a 5-hydroxyl grouping, A bathochromic sh i f t of 54 nm in Band-I 
in the presence of NaDMe confirmed the presence of a free 4 ' -
hydroxyl. With NaDAc, the aglycone gave a sh i f t of 9 nm in the 
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Band-II while the glycoside did not give an €5)preciable shi f t 
with NaDAc in the Band-II, confirming the sugar moiety at 
pos i t ion-7 in Sb^ - I I , 
The r e s u l t s of H^-hMR studies of Sb . -IIA are shown in 
the Table-XXXV. 
TABLE-XXXV 
Chemical sh i f t s of protons of Sb^g - IIA 
Assignment 
H-8 
H-6 
H-3 
H-2«,6» 
H-3',5« 
H-1" 
H-2",3'',4" 
H-5",6" 
Aliphatic acetoxylfl 
Aromatic acetoxyls 
No. of 
protons 
1 
1 
1 
2 
2 
1 
3 
3 
12 
6 
Signals 
7.02(d, J= 2.5Hz) 
6.7(d,J=2.5Hz) 
6.59(s) 
7.87(d,J=8.5Hz) 
7.24(d,J=8.5Hz) 
5.58(d,J=7Hz) 
5.05-5.52(m) 
4.23(s) 
2.03,2.08,2.13,2. 22(m) 
2.36, 2.44(s) 
s * s i ng l e t , d = doublet, m » mul t ip le t , spectrum run in CDCl, 
a t 60 MHz., TMS as i n t e rna l standard ( 5 - s c a l e ) . 
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The glycoside on acetylat ion with AC2O - Py and 
c rys t a l l i za t ion from CHCl,-MeOH afforded a c r y s t a l l i n e hexa-
o 1 
ace ta t e , mpl98 C. The H-rWR spectrum showed s ignals due to 
four a l ipha t i c acetoxyls at 8 2.C3, 2.C8, 2.13 (9H), 2.22 (3H) 
and two aromatic acetoxyls at 8 2,36 (3H) and 2,44 (3H), a 
s ing le t centred at 8 4,23 (3H) in tegra t ing for 3 protons of 
galactose at C -^H and Cg-H, The s ignals over the range 8 5 . 0 5 -
5.52 accounted for the three protons of the galac tosyl res idue . 
The remaining one appeared as; a doublet centred at 8 5.58 
(J=7H2) was assigned to C-1" proton. The la rge coupling constant 
(J=7Hz) due to t r ans d iaxia l coupling with the C-2" proton i n d i -
cated the sugar linkage with p -configiiration. The A-ring p ro -
tons at 6 and 8 posi t ions appeared as doublets a t 8 6,7 (J=2,5Hz) 
and 8 7.02 (J=2.5Hz) respect ively . The B-ring protons formed 
an ApBp pa t te rn cha rac te r i s t i c of 4*-oxygenated f lavonoids. The 
3 ' , 5 ' protons appeared as a doublet a t 8 7.24 (J = 8.5Hz) while 
2» ,6 ' protons as a doublet act 8 7.87 (J = 8.5Hz). The C-ring 
proton appeared as a s ing le t at 8 6.59* The aglycone gave a 
sh i f t of 9 nm with NaDAc (absent in glycoside) confirming further 
i t s glycosidal^ion at C-7. 
Enzymic hydrolysis of the glycoside with almond emulsin 
gave galactose showing R - l inkage. 
The above findings established the s t ruc tu re of Sb^ ^ - I I 
as apigenin 7-0-p-D-galactoside (79b). 
i$i 
Luteolin 4»-0-glucoside (Sb^ - I I I ) 
Sb^ - I I I , yellow cubes, mp 177-178*^0 gave green colour 
with FeCl,, orange red colour with Mg-41C1 and pos i t ive Molisch 
t e s t indicat ing i t to be a flavonoid glycoside. Sb- - I I I on 
acid hydrolysis gave an aglycone Sb~ - I I I H, mp 330-331 C, 
iden t i f i ed as Luteolin by comparing UV absorption data with 
authent ic sample and a sugar. The sugar was iden t i f ied as g lu-
cose by R- value and co-chromatography with authentic sample. 
The UV spect ra l data of Sb^ - I I I and i t s aglycone Sb^ - I I I h 
(Table-XXXVI) agreed well with t ha t of lu t eo l in glycoside in which 
the sugar i s attached to the 4 ' -pos i t ion of the flavone nucleus, 
Sb^ - I I I H showed a bathochromic sh i f t in Band-I with NaDMe and 
KaDAc of the order of 52 and 35 nm showing tha t thje sugar must be 
l inked to C-4* of l u t eo l in , Sb^ - I I I was thus assigned the s t ruc -
t u r e as lu t eo l in 4«-0-glucoside, 
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CONCLUSION 
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The following five plants have chemically been 
examined and the constituents isolated are shovna below each 
of them: 
1, Juniperus pseudosabina Linn (sjrn, J, indica) (Cupressaceae) 
(i) Amentoflavone 
(ii) Cupressuflavone 
(iii) Hinokiflavone 
(iv) Isocryptomerin 
*(v) Mono-0-methyl amentoflavone 
*(vi) Mono-0-methyl cupressuflavone 
2 . Jitniperus recurva (Qipressaceae) 
(i) Agathisflavone 
(ii) Amentoflavone 
(iii) Cupressxiflavone 
(iv) Hinokiflavone 
(v) Isocryptomerin 
(vi) Quercetin 3-0- p -D-glucopyranoside 
(vii) Quercetin 3-0-cC-L-rhamnopyranoside 
* Detected by TLC 
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3 . Cupressus lucl tanlca (Cupressaceae) 
(i) Amentoflavone 
(ii) Cupressuflavone 
(iii) Hinokiflavone 
*(iv) Mono-0-methyl amentoflavone 
(v) Cryptomerin-A 
*(vi) Di-0-methyl hinokiflavone 
4. S te rcu l ia lorens (Sterculiaceae) 
( i ) Quercetin 3-0-(6"-0-«C_L-rhamnopyranosyl)-p-D-
glucopyranoside 
( i i ) Kaenpferol 3-0-(6"-0-oC-L-rhainnopyranosyl)-p-D" 
glucopyranoside 
( i i i ) p - s i t o s t e r o l 
( iv) p - emyrin 
(v) 3-acetyl p - amyrin 
(vi) Ester of t e r ^ m t h a l i c acid 
* Detected by TLC 
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The occurrence of flavonol diglycosides constitutes 
the first example in the family sterculiaceae, 
5. Salix babvlonica (Salicaceae) 
(i) Benzyl ester of gentisic acid 2»-0-acetyl R-D-
glucoside 
(ii) Benzyl ester of gentisic acid p -D- glucoside 
(iii) Salicin 
(iv) Ester of terephthalic acid 
(v) Kaenpferol 7-0-glucoside 
(vi) Apigenin 7-0-galactoside 
(vii) Luteolin 4«-O-giucoside 
Benzyl ester of gentisic acid 2«-0-acetyl 6-D-glucoside 
has not yet been reported from the natural source. Thus, it is 
a new naturally occurring glycoside. 
EXPERIMENTAL 
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All the melting points recorded in this thesis were 
1 
determined on a koflar block and are uncorrected. H-NMR 
spectra were recorded on a varian A-60A and JBOL ^ - 1 0 0 spect-
rometer in CDCl, using tetramethyl s i lane as in t e rna l reference. 
The chemical sh i f t s have been reported in S -values . All u l t r a 
v i o l e t spectra were measured on a Beckman Model DU or DB 
instrument in methanol. The mass spectra were recorded on AEI 
MS 30 and JBOL-OSIG double focus high reso lu t ion mass spectro-
meter. 
The s i l i c a gel used for different chromatographic 
purposes was obtained from National Chemical Laboratory, Poena, 
BDH, Biogen E, Merck (India) and E, Merck (Germany), TLC 
solvent sjrstems used were: Benzene- Pyr id ine- Formic acid (36j 
9 :5 ) ; Toluene-Ethyl formate-Formic acid (5 :4 :1 ) ; t -Butanol-
Acetic ac id -wa te r (3 :1 :1) ; Boizene-Ethyl a c e t a t e - Acetic acid 
(8 :5 :2 ) ; Toluene-Pyridine-Acetic acid (10^1:1) and n-Butanol-
Acetic acid-water (4 :1 :5 ) . The above solvent systems for the 
sake of convenience have been referred to as BPF, TEF, TBA, BEA, 
TPA and BAW respect ively in tJie t e x t matter . 
Alcoholic f e r r i c chloride solut ion, ammonia vapovra and 
20% aq, solution of perchlor ic acid were used as spraying r e -
agents for v i sua l iza t ion of TILC spot a. Aniline hydrogen 
phthala te was used as spraying reagent for paper chromatography. 
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Extraction and Purification of Biflayones from the Leaves of 
Junlperus pseudosabina (Cupressaceae) 
Extraction; Leaves of Juniperus pseudosabina were procured 
from Royal Botanical, Garden, Godawari, Lalitpur (Nepal). The 
dried and powdered leaves (1,5 kg) were completely extracted 
with hot acetone and the acetone extracts were concentrated 
first at atmospheric pressure and then imder reduced pressure, 
A guiany dark green mass obtained was treated with petroleum 
ether (60-80°) and benzene, till the solvent in each case was 
almost colourless, to remove nonflavonoidic and resinous matter. 
The residuewas refluxed with acetone for 8 hrs- and filtered. 
The filtrate was concentrated to dryness to give a dark brown 
mass (6g ) which responded to the usual colour tests for flavo-
nojds. 
Purification; A well stirred suspension of silica gel (BDH, 
I00g ) in dry benzene was poured into a column (150 cm long and 
Ao mm in diameter) when the adsorbent was well settled, the 
excess of benzene was allowed to pass through the column. The 
crude mixture (6g ) was adsorbed on silica gel (BDH, 30 g ) in 
dry acetone, dried and added to the column. The column was 
eluted with organic solvents in the increasing order of polarity. 
The results are given in Table-XXXVII. 
TABLE-XXXVII 
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No. Solvent Nature of products 
1, Benzene 
2 , Benzene-Ethylacetate (9:1) 
3 , Benzene-Ethylacetate (7:3) 
4, Benzene-Ethylacetate (5:5) 
5, Ethylacetate 
6, Ethylacetate-Acetone (5:5) 
7, Acetone 
Green waxy product 
Dark gummy product 
Yellow sol id 
Yellow sol id 
Yellow brown sol id 
Brown sol id 
Dark brown so l id 
The l a s t f ive fract ions obtained with Benzene-
Ethylace ta te (7:3 & 5:5) , Ethylacetate , Ethylacetate-Acetone 
(5:5) and acetone gave pos i t ive colour t e s t s for flavonoids. 
These were combined and concentrated to give yellowish brown 
so l id d . O g ) . 
The complexity of the flavonoid mixture was examine 
by TLC using the foll<^ing solvent systans . 
a) Benzene-Pyridine-Formic acid (BPF- 36:9:5) 
b) Toluene-Ethylformate-Formic acid (TEF - 5:4:1) 
c) Benzene-Ethylacetate-Acetic acid (BEA-8:5:2) 
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In solvent system (a ) , the biflavone mixture showed 
th ree compact brown spots in UV l i g h t and the difference of 
R^ values were well marked. Therefore, these three bands were 
separated by preparat ive th in layer chromatography and labe l led 
as Jp - I (R^ 0,16), Jp- I I (Rj^  0,37) and J p - I I I (R^ 0.54), 
« 
Separation of flavonoid mixture preparat ive t h i n layer chromato-
graphy. 
The glass p la te s (Ao x 20 cm) were coated with a well 
s t i r r e d suspension of s i l i c a gel G (BDH) iising t h in layer 
spreader, (Toshniwal, I nd i a ) , The coated layer of s i l i c a gel 
was approximately 0.5 mm th ick . After drying at room teiqjera-
t u r e , the p la tes were act ivated at 120^0 for two h r s . The 
yellowish brown sol id dissolved in pyridine was applied to the 
p l a t e s with the help of mechanical appl icator (Desaga Heidelberg) 
2 cm from the lower edge of the p l a t e s . The p l a t e s mounted on 
s t a i n l e s s s t ee l frames were placed in a Desaga glass chamber 
( 4 5 x 2 2 x 2 5 an) containing 500 ml of the developing solvent 
(benzene-pyridine-formic acid, 36 :9 :5) . When the solvent front 
t r a v e l l e d 15 cm from the s t a r t i n g l i n e , the development was 
in ter rupted and p l a t e s were dried at room teraperatiare. The 
pos i t ions of the bands were marked in UV l i g h t . The marked p ig -
ment zones were scraped with the help of a spa tu l l a and eluted 
i n separate columns with dry acetone. The solvent was recovered 
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to give Jp-I ( ^ 0 mg), Jp - I I (150 mg) and J p - I I I (80 mg). 
The homogeneity of the pigments was checked by TLC using the 
above solvent system, 
J p > I 
j p - l on methylation and TLC examination (R^ and shade 
in UV l i g h t ) showed two spots Jp-I (350 mg) was therefore , 
subjected t o counter current d i s t r ibu t ion (CCD) between e thy l -
methyl ketone and borate buffer (pH 9.8) which yielded two 
compounds, Jp - Ia (200 mg) and Jp-Ib (100 mg). 
J£=la 
1-4' , II-4 ' ,1-5,11-5,1-7,II-7~Hexahydroxy ^ 1 - 3 ' ,II-8^7biflavone 
( J p - I a ) . 
I t was obtained as pale yellow so l id , mp 322-323 C. 
I-4« ,II-4« ,1-5,11-5,1-7,II-7-Hexa-O-methyl ^ 1 - 3 ' , 1 1 - 8 ^ 
biflavone (Jp-IaM ) 
Jp-Ia (100 mg), anhydrous potassium carbonate (1 .5g ) , 
dimethyl sulphate (0,5 ml) and dry acetone (250 ml) were ref-
luxed on a water bath for 10 hrs , A small port ion of the r e -
act ion mixture was taken out and t e s t ed for alcoholic FeCl, 
r eac t ion , Reflxucing was continued u n t i l i t gave a negative 
alcoholic FeCl, t e s t . I t was then f i l t e r e d and evaporated to 
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dryness. The o i l y residue l e f t behind was t r ea ted with 
petroleum ether and then dissolved in chloroform. The 
chloroform solut ion was washed with water, dried over an-
hydrous NapSO/ and concentrated to give a yellow sol id . I t 
was c rys ta l l i zed from CHCl,-MeOH as colourless needles 
(60 mg) mp 225-227°C. 
H^-NMR (CDCl,) : Values on 8 - sca le 
6.47(d,1H,J=3Hz,H-I-8); 6.32(d,1H,J=3Hz, H-I-6); 6.64 
Cs,1H,H-II-6); 6.A9 (s,1H,H-I-3); 6.59 (s ,1K,H-II-3); 7.84, 
7.95 (q,2H,J=9 & 3H2,H-I-2',6»); 7.37 (d,2K,J=9Hz, H - I I - 2 ' , 6 ' ) ; 
7.08 (d,1H,J=9Hz, H - I - 5 ' ) ; 6.71 (d,2H,J=9Hz, H - I I - 3 ' , 5 ' ) ; 4,05, 
3.92, 3.82, 3.80, 3.75, 3.71 (s,3H each, OCH^-II-5, 1-5,1-7, 
I I -7 , I -4« ,11-4' r espec t ive ly) . 
1-4' ,11-4 ' , I -5 , I I -5 , I -7 , I I -7-Hexaacetoxy / " I - 3 ' ,II-8_7biflavone 
(Jp-IaA). 
Jp- Ia (50 mg) was acetylated with pyridine (1 ml) and 
ace t ic anhydride (2 BO.) by heating on a water bath for 2 h r s . 
I t was then cooled to room temperature and poured on to crushed 
i c e . The separated so l id wa£5 f i l t e r e d , washed with water and 
dr ied . I t was c rys t a l l i zed from CHCl^ -MeOH as colourless needles 
(35 mg), mp 241-243°C. 
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''H-NMR (CDCI3): Values on 8-scale 
7.26 (d,1H,J=3Hz, H-I-8); 6.84 (d,1H,J=3Hz, H-I-6)j 
7.01 (s,1H,H-II-6); 6,65,6.68 (s,1H each, H-I-3,II-3); 8.03 
(d,1H,J=:3Hz,H-I-2»); 7.98 (q,1H,J^=8Hz, J2=3Hz,H-I-6'); 7.48 
(d,1H,J=9Hz, H-I-5»); 7.49 (d,2H,J=9Hz, H-II-2»,6»); 7.06 
(d,2H,J=9Hz, H-II-3»,5»); 2.45, 2.42, 2,05, 2,01, 2,28, 2,23 
(s,3H each, 0Ac-I-5,II-5,I-7,II-7,I-4',XI-4« respectively). 
Jp-Ib 
I-4» ,11-4' ,I-5,II-5,I-7,II-7-Hexahydroxy ^I-8,II-8^7Mflavone 
(Jp«Ib). 
It was obtained as yellow solid, np 300^C. 
I-4«,II-4« ,I-5,II-5,I-7,II-7-Hexa-0-inethyl ^I-8,II-8_7biflavone 
(Jp-IbM) 
Jp-Ib (4o mg) was methylated with Me^SO^ (0.5 na) and 
anhydrous KpCO^ (1.0g ) in dry acetone (200 ml) by refluxing on 
a water bath for 8 hrs. The product was worked up as usual and 
crystallized from CHCl^-MeOH as colourless needles (25 mg), 
n?) 297-299°C. 
''H-NMR (CDCl^): Values on 8 -scale 
7.30 (d,4H,J=9Hz, H-I-2',6» ,II-2» ,6»); 6.77 (d,4H,J=:9Hz, 
H-I-3»,5',II-3',5«); 6,59 (s,2H,H-I-3,II-3); 6,57 (s,2H,H-I-6, 
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I I - 6 ) ; 4.14, 3 .85, 3.77 (S ,6H each, OCH^-I-5,11-5,1-7,11-7, 
I - 4 ' , I I - 4 ' , respect ive ly) , 
I-4«,II-4«,1-5,11-5,1-7,II-7-Hexaacetoxy /"I-8,II-8_7l3iXlavone 
(Jp-Ib A ) 
Jp-Ib (40 mg) was acetylated as above and the product 
c i y s t a l l i z e d from CHCl^ -WeOH as coloiirless prisms (30 mg) 
mp 252-253°C. 
''H-NMR (CDCl,): Values on g - sca le 
7.29 (d,4H,J=9Hz, H-I -2 ' , I I -2» ,6») ; 7.01 (d,AH,J=9Hz, 
H - I - 3 ' , 5 ' , I I - 3 ' , 5 ' ) ; 6.56 (s,2H,H-I-3,11-3); 7.06 (s,2H,H-I-6, 
I I - 6 ) ; 2 .48, 2.08, 2.25 (s,6H each, OAc-I-5,11-5,1-7,11-7, 
I - 4 « , I I - 4 ' , respec t ive ly) . 
J p - I I 
Jp - I I was methylated using dimethyl sulphate and 
potassium carbonate in dry acetone, TLC examination of the 
methylated product showed three spots in UV l i g h t , corresponding 
"to hexamethyl e thers of amentoflavone and c\Qiressuflavone and 
pentamethyl ether of hinokiflavone, suggesting i t to be a mixture 
of mono-0-methyls of amentoflavone and c\:5)ressuflavone and hino-
kiflavone (R« values and shade in UV l i g h t ) . Jp - I I (100 mg) was 
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therefore , subjected to CCD separation between ethylmethyl 
ketone and borate buffer (pH 9.8) to give Jp - I I a (20 mg) and 
Jp- I Ib (6o mg), Jp - I Ia being minor could only be detected 
on methylation and TLC examination to be the mixture of mono-
methyl ethers of amentoflavone and cupressuflavone, 
I I -4M..3 . I I -5a>-7.I I -7-Pentahydroxy ( l -4» -0 - I I -6 ) biflavone 
It was obtained as yellow solid mp 344 C, 
II-4'-I-5,II-5,I-7-II-7-Penta-0-methyl ^I-4« -0-II-6_7biflavone 
(Jp-IIbK) 
Jp-I Ib (30 mg) was methylated and worked up as usual . 
The proTiuct was c ry s t a l l i z ed from CHCl,-MeOH as colourless 
needles (20 mg), mp 260-262°C. 
HMR (ODCl,); Values on 8 - s c a l e 
6,34 (d,1H,J=2.5Hz, H-I-6); 6.52 (d,1B,J=2.5Hz, H-I-8); 
6.:56 ( s ,1R , I i -n -8 ) ; 6.58 (s,1H,H-I-3); 6-60 (s ,1H,H-II-3) ; 
7.96 (d,2H,J^H2, H-I-2»,6«); 7.86 (d,2H,J=:9Hz, H - I I - 2 ' , 6 ' ) ? 
7.06 (d,2H,J=9H2, H - I - 3 ' , 5 ' ) ; 7.04 (d,2H,J=9Hz, H - I I - 3 ' , 5 » ) ; 
3 . 9 4 - 3 . 8 5 (s,3H each, OMe-II-4', 1-5,11-5,1-7,11-7) . 
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II-A« ,1-5,11-5,1-7,II-7-Pentaacetoxy ^ I -4«-0- I I -6J^b i f l avone 
(Jp-IIbA) 
Jp-I Ib (25 mg) was acetylated with pyridine (1 ml) and 
ace t ic anhydride (1 ml) in usual way and then c rys t a l l i zed from 
CHClj-MeOH (20 mg), mp 236-238°C. 
' ' H - M R (CDCl,): Values on g - s c a l e 
6.85 (d,1H,J=2.5Hz, H-I-6); 7.42 (d,1H,J=2.5Hz, H-I-S); 
7.28 (s,1H,H-II-8); 6.59 (s,1H,H-I-3); 6.64 (s ,1H,H-II-3) ; 
7.95 (d,2H,J=9Hz, H-I -2» ,6 ' ) ; 7.85 (d,2H,J=9Hz, H- I I -2 ' ,6») j 
7.02 (d,2H,J=9Hz, H - I - 3 ' , 5 ' ) ; 7.32 (d,2H,J=9Hz, H- I I -3« ,5 ' ) ; 
2 .35, 2.44, 2.26, 2.12 (s,3H each, 0Ac-II-4» ,1-5 ,11-5,1-7,11-7) . 
J p - I I I 
II-4«,X-5,II-5,I-7-Tetrahydroxy-II-7-0-methyl ^ I - 4 » - 0 - I I - 6 _ 7 
biflavone ( Jp - I I I ) 
Pale yellow prisms, mp 310-311°C (decon^,) 
I I-4«,1-5,11-5,1-7,II-7-Penta-0-methyl ^ I - 4 » - 0 - I I - 6 y b i f l a v o n e 
(Jp-IIIM) 
Jp - I I I (20 mg) was methylated using dimethyl sulphate 
(0 ,5 ml) and potassium carbonate (1 .0 g) in dry acetone, TLC 
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examination pf the methylated product showed only one spot in 
UV l i g h t corresponding to pentamethyl ether of hinokiflavone 
which was confirmed by d i rec t comparison with Jp-IIbM. 
I I - 4 ' ,1-5,11-5,1-7-Tetraacetoxy-II-7-0-methyl / * I - 4 ' - 0 - I I - 6 _ 7 
biflavone (Jp-IIIA) 
J p - I I I (Ao mg) was acetylated with acet ic anhydride and 
pyr idine and c rys t a l l i zed from CHCl,-MeOH as colourless needles 
(30 mg), mp 213-214^C. 
' 'H-M^R (CDCl,): Values on g - sca le 
6.82 (d,1H,J=2.5H2, H-I-6); 7.30 (d,1H,J=2.5Hz, H-I-8); 
6.94 (s ,1H,H-II-8) ; 6.60 (s,1H,H-I-3); 6.57 (s,1H,H-XI-3); 
7.88 (d,2H,J=9Hz, H - I - 2 ' , 6 ' ) ; 7.75 (d,2H,J«9Hz, H-II-2«,6«); 
7.02 (d,2H,J=9Hz, H - I - 3 ' , 5 ' ) ; 7.23 (d,2H,J=9Hz, H - I I - 3 ' , 5 ' ) ; 
3.86 (s,3H,0Me-II-7); 2.44,2.40 (s,3H each, OAc-I-5,11-5); 2.24, 
2.26 (s,3H each, 0 A c - I - 7 , I I - 4 ' ) . 
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Extraction of Flavonoids from the Leaves of Juniperus recurva 
Leaves of Juniperus recurva were procured from Royal 
Botanical Garden, Godawari, Lalitpur, Nepal, The dried and 
powdered leaves (4 kg) were exhaustively extracted with methanol. 
The methanol extract was concentrated first at atmospheric 
pressure and then under reduced pressure when a greenish brown 
mass was obtained. It was successively treated with petroleum 
ether (60-80 ), benzene and chloroform till the solvent in each 
case was almost colourless. The residue was refluxed with ace-
tone for several hours and filtered. The filtrate was concen-
trated and treated with water to give water soluble and water 
insoluble fractions. The water insoluble fraction was dissolved 
in methanol and dried under reduced pressure to furnish a dark 
brown mass (15g ) which responded to the usual colour tests for 
flavonoids. 
Purification of water insoluble flavonoid mixture by column 
chromatography 
The dark brown flavonoidic mass (15g ) was adsorbed on 
silica gel (50 g) and transferred over to a column of silica 
gel (200g ) set with petroleum ether (60-80*^), The column was 
eluted with organic solvents in the increasing order of polarity. 
The results are given in Table-XXXVIII. 
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TABLE - XXXVIII 
S.No. Solvent Nature of product 
1. Petroleum ether (60-80 ) 
2 . Benzene 
3 . Benz ene-ethyl acet a te (9:1) 
4. Benzene-ethyl aceta te (4:1) 
5. Benzene-ethyl aceta te (7:3) 
6. Benzene-ethyl acetate (3:2) 
7. Benzene-ethyl aceta te (1:1) 
8. Ethyl aceta te 
9. Acetone 
Greenish gummy mass 
Green waxy product 
Dark gvimmy product 
Yellow solid 
Yellow solid 
Yellow solid 
Yellow solid 
Yellow brown solid 
Brown solid 
Fractions obtained with benzene-ethyl acetate, ethyl 
acetate and acetone gave positive colour tests for flavonoids. 
These were combined and conceaitrated to give yellowish brown 
solid (2g). 
Separation of flavonoid mixtia^e- preparative thin layer 
chromatography 
The yellowish brown solid was examined by TLC (silica 
gel BDH, BFF^ 3^:9t5) which showed four brown spots in UV light, 
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These were separated by preparat ive TLC to give J r - I 
(Rf 0.15, 80 mg), J r - I I (R^ 0.17, 200 mg), J r - I I I (R^ 0.33, 
250 mg) and Jr-IV (R^ 0.58, 150 mg). 
J r - I 
1-4' ,II-4« ,1-5,11-5,1-7,11-7-Kexahydroxy ^ I - 6 , I I - 8 _ / b i f l a v o n e 
( J r - I ) 
I t was obtained as pale yellow sol id (70 mg) mp >300°C. 
1-4' ,11-4' ,1-5,11-5,1-7,II-7-Hexa-0-methyl ^ I - 6 , I I - 8 _ 7 b i n a v o n e 
(Jr-IM) 
J r - I (60 mg), anhydrous potassium carbonate (1 .5g) , 
dimethyl sulphate (0,5 ml) and dry acetone (250 ml) were r e -
fluxed on a water bath for 10 h r s . After usual work up, the 
metlylated product on TLC examination showed only one spot in 
UV l i gh t corresponding to hexamethyl ether of agathisflavone 
(Rx. value and fluorescence in. UV l i g h t ) . I t was crystalllzQd 
from CHCl,-iyieOH as colourless needles (30 mg), np 162-164°C. 
' 'H-IWR (CDCl,): Values on 8 - s c a l e 
7.88 (d,2H,J=9Hz, H - I - 2 ' , 6 ' ) ; 7.01 (d,2H,J=9Hz, H - I - 3 ' , 5 ' ) ; 
7.37 (d,2H,J=9Hz, H- I I -2 ' , 6« ) ; 6.78 (d,2H,J=9Hz, H - I I - 3 ' , 5 ' ) ; 
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6.91 (s,1H,H-I-8); 6.64 (s,1H,H-II-6); 6.53 (s,1H,H-I-3); 
6.51 (s ,1H,H-II-3); 4.05, 3.59, 3.76, 3.78, 3.86, 3.88 ( s , 3H 
each, OMe-I-5,11-5,1-4' ,11-4' ,1-7,11-7) . 
J r - I I 
TLC examination of J r - I I and i t s methylated product 
obtained by methyl at ion of J r - I I (100 mg, with Me2S0^-K2C0, in 
dry acetone) showed i t to be a mixture of two biflavones cor res -
ponding to amentoflavone and cupressuflavone (R^ values and shade 
in UV l i g h t ) . The two methyl ethers were separated by preparat ive 
TLC to give Jr-IIMI and Jr-IIMII . 
1-4' ,II-4« , I -5 , I I -5 , I -7 , I I -7-Hexa-0-methyl ^ 1 - 3 ' , I I -8_7 
biflavone (Jr-IIMI) 
I t was c rys ta l l i zed as colourless needles from CHCl,-MeOH 
(4o mg), mp 227°C, R^ 0 .41 , yellow fluorescence i n UV l i g h t , 
''H-NMR (CDCl^) data iden t ica l with t h a t of Jp-IaM and also 
authentic amentoflavone hexamethyl ether , 
1-4' ,11-4 ' , I -5 , I I -5 , I -7 , I I -7-Hexa-0-methyl ^ I -8 , I I -8_7b i^ l avone 
( J r - l lMII ) 
I t was c rys ta l l i zed as colourless needles from CHCl,-MeOH 
(30 mg), mp 297-299°C, R^ 0.^^4, orange fluorescence i n UV l i g h t , 
H-NMR (CDCl,) same as Jp-IbM and also authentic sample of 
cupressuflavone hexsmethyl e ther . 
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J r . I I I 
TLC examination indicated i t to be parent of hinoki-
flavone (R^ and shade in UV l i g h t ) . 
Methylation 
J r - I I I (70 mg), anhydrctus potassium carbonate (5g), 
dimethyl sxilphate (1 ml) and dry acetone (AOO ml) were refluxsd 
on a water bath for 12 h r s . After usual work up and TLC 
examination, the methylated product showed only one spot i n UV 
l i g h t corresponding to pentamethyl ether of hinokiflavone and 
also ident ica l in R^ and shade with the sample Jp-IIbM. 
II-4» ,1-5,11-5,1-7,II-7-Penta-O-methyl / " I -4 ' -0 - I I -6_7bi f lavone 
(Jr-IIIM) 
I t was c rys ta l l i zed from CHCl,-MeOH as colourless needles 
(30 mg), mp 259-26l°C, R^ 0.51, blue fluorescence in UV l i g h t , 
NMR (CDCl,) same as given in Table-XIII for Jp-IIbM. 
I I - 4 ' ,1-5,11-5,1-7,II-7-Pentaacetoxy / ' I -4«-0-II -6_7bif lavon€ 
( J r - I I IA) 
J r - I I I (60 mg) was acetylated with pyr id ine and acet ic 
anhydride and worked-up as usual . I t was c rys t a l l i zed from 
CHCl,-MeOH as colourless needles (Ao mg) mp 238-2A0°C. ''H-NMR 
(CDCl,) same as given in Tab le -XI I I for Jp-IIbA, 
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Jr-IV 
II-4',1-5,11-5,1-7-Tetrahyciroxy-II-7-0-methyl^ I-4'-.0-II-6_7 
blflavone (Jr-IV). 
Pale yellow prisms, mp 308-310^C (decomp), 
II-4' ,I-5,II-5,I-7,II-7-Penta-0-methyl /"I-^'-O-II-e^/biflavone 
(Jr-IVM) 
Jr-IV (50 mg) was methylated using dimethyl sulphate 
(0.5 ml) and potassium carbonate (2g) in 200 ml of dry acetone 
as described earlier. The product after usual work-up and 
crystallization from CKCl^JMeOH gave colourless needles (25 mg), 
mp 260-262°C. 
^H-NMR (CDCl^): Values on 8 -scale 
6.34 (d,1H, J = 2.5Hz, H-I-6); 6.52 (d,1H,J=2.5Hz, 
H-I-8); 6.56 (s,1H,H-II-8); 6.58 (s,1H,H-I-3); 6.60 (s,1H,H-II-3); 
7.96 (d,2H,J=9Hz, R-l-2»,6'); 7.86 (d,2H,J=9Hz, H-II-2«,6»); 
6.96 (d,2H, J = 9Hz, K-I-3',5'); 7.04 (d,2H,J=9Hz, K-II-3',5'); 
3.94-3.85 (s,3H each, 5xa4«). 
II-4« ,I-5,II-5,I-7-Tetraacetoxy-II-7-0-methyl ^I-4'-0-II-6_7 
biflavone (Jr-IVA ). 
Jr-IV (60 mg), pyridine (1 ml) and acetic anhydride 
(2 ml) were heated on a watei' bath for 2 hrs. The product on 
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usual work-up and crystallization from CHCl^^ieOH gave colour-
less cubes (40 mg), mp 212°C. 
''H-NMR (CDCl,); Values on g-scale 
5.81 (d,1H,J=2.5Hz, H-I-6); 7.29 (d,1H,J=2.5Hz, H-I-8); 
6.94 (s,1H,H-II-8); 6.60 (s,1H,H-1-3); 6.56 (s,1H,H-II-3)j 
7.89 (d,2H,J=9Hz, H-I-2',6'); 7.76 (d,2H,J=9Hz,H-II-2« ,6'); 
7.01 (d,2H,J=9Hz, H-I-3',5'); 7.24 (d,2H,J=9Hz, H-II-3',5'); 
3.87 (s,3H, OMe-II-7); 2.44, 2.41 (s, 3H each, OAc-I-5,11-5); 
2.24 (s, 3H, OAc-I-7); 2.27 (s,3H,0Ac-II-4'). 
Water soluble portion 
The water soluble frax:;tion was extracted with ethyl 
acetate and the solvent evaporated to give a semi solid mass 
Jrg(1.5g ). 
Chromatographic Examination of the semi solid mass 
The semi solid mass (1.5 g) dissolved in MeOH was 
subjected to chromatographic analysis on Whatman No, 1 filter 
paper employing both the ascending and descending techniques. 
The developing solvent systeros used were: 
1. n-Butanol-acetic acid-water (4:1:5) upper layer 
2. n-Butanol-acetic acid-water (8:2:5) upper layer 
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3 . t -Butanol-acet ic acid-water (3:1:1) 
4. Acetic acid-water (15:85) 
5. Acetic acid-water (30:70) 
The chrcmatograms were run for 12 hrs in the solvent 
system (l), (2) and (3) for 5 hrs in the solvent systems (3) 
and (4), After drying at room temperature, the chrcmatograms 
on examination under UV light revealed only two flavonoidic 
spots in each of the above solvent systems which were labelled 
as Jr -I and Jrg-II, 
Purification of Jrg (preparative paper chromatography) 
The solution of Jr„ in methanol was applied as a streak 
from a wide band pipette on the Whatman No, 3 MM chromatographic 
paper, A hair drier was used for the solvent evaporation between 
repeated application of the solution to the paper. The chrcmato-
grams were developed in the solvent system (1) for 12 hrs. After 
drying, each band was marked under UV light, carefully cut and 
extracted with methanol. After evaporation of the solvent, the 
residue left was dissolved in acetone, filtered and evaporated 
to give Jrg-I (R^ 0.58, AOO mg) and Jrg-II (R^ 0.74, 300 mg) as 
yellow solid compounds. Its homogeneity was f\irther checked 
separately by two dimensional paper chromatography. 
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Quercetin 3-0-p-D-glucopyranoside (J rg- I ) 
Crystal l ized from MeOH as yellow needle shaped c lus te r s 
(350 mg), mp 235-236°C, R^^ 0.58 (BAW). 
Quercetin 3-0-p -D-glucoside octaacetate (Jr„-IA) 
A mixtxire of J rg- I (80 mg), ace t i c anhydride (1 ml) and 
pyr idine (1 ml) was heated on a water bath for two h r s . After 
usual work up the product was c rys ta l l i zed and subjected to 
i 
H-NMR spectral ana lys i s , 
''H-NMR (CDCl,): Values on g -scale 
6.70 (d.,1H,J=2.5Hz, H-6); 7.21 (d,1H,J=2.5Hz^-8); 8,02 
(d,1H,J=2.5Hz,H-2«); 7.30 (d,1H,J=9Hz, H-5 ' ) ; 7.88 (q,1H,J=2.5Hz 
and 9Hz,H-6»); 5.55 (d,1H,J=7K[z,H-1"); 3.80-5.16 (m,6H of glucosyl 
r e s idue) ; 1.88, 1.96, 2.13 (12ii, four a l i pha t i c acetoxyls) ; 2 .31 , 
2.43 (12H, four aromatic acetoxyls) . 
Hydrolysis of J r ^ - I 
s 
The glycoside (40 mg) was hydrolysed by heating with 
6% aq hydrochloric acid on a v^ ater bath for two hours to ensure 
complete hydrolysis. After leaving overnight, the yellow 
aglycone (Jrg-1H) this separated out was filtered, washed well 
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with water and dried. It was crystallized from MeOH as yellow 
needles, np 31^ . The agylcone showed no depression in melting 
point on admixture with an authentic sample of quercetin. Its 
identity as quercetin was further confirmed by co-chromatography, 
R^ 0.21 (BPF) and UV spectral studies. 
UV spectral data of (Jr_ - 1H)(X max^°^ ) 
& 
MeOH 255, 270sh, 300sh, 371 
+ NaOMe 24?sh, 322 
+ AlClj 273 , 305sh, 333, 458 
+ NaOAc 258sh, 274, 330, 388 
+ Na0Ac+H,B0, 265, 305sh, 391 
Chromatographic identification of sugar 
The filtrate was passed throx^h a polyamide column to remove 
traces of aglycone. The eluate was then neutralized with 
Amber lite IR- 45 (OK), filtered and evaporated to dryness in 
vacuo. The residue was examined by paper chromatography Whatman 
No, 1, (BAW-4:1:5). The chromatogram was developed by spraying 
wixi aniline hydrogen phtbalate and heating at —110 for 5 
minutes. The sugar (R^ 0,34) was identified as glucose by com-
parison with authentic sanple (R^, shade, CO-PC), 
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Permethylation of the glycoside (Hakomorl's method) 
NaH (500 mg) was s t i r r e d with DMSO (50 ml) a t 80°C 
for 30 minutes under Np gas. To t h i s reagent, solut ion of the 
glycoside (Jro.-I, 100 mg) in DMSO (20 ml) was added and the 
react ion mixture was s t i r r ed for 1 hr a t room temperature under 
Np gas. Mel (10 ml) was adde<i and the react ion mixture was 
further s t i r r ed for 4 hrs a t room tanpera ture . The mixture was 
poured in to ice-water , extracted with EtOAc, and evaporated 
under reduced pressure to give an o i ly product. This o i l was 
subjected to preparat ive TLC \asing CgH -^MepCO (4:1) as the 
developing solvent system to afford the permethylated glycoside 
( J r -IM)(60 mg). 
Hydrolysis of the permethylated glycoside 
Jrg-IM (60 mg) was hyd:rolysed with 6% HCl and the 
hydrolysate was subjected to chromatographic separat ion (coliann 
and TLC, s i l i c a ge l , Toluene-l>leOH 4:1) to give quercetin 5 , 7 , 3 ' , 
4«-tetramethyl ether (Jrg-IMH) and 2,3,4,6-tetra-O-methyl-D-
gluccrse R^ 0.64, 
Quercetin 5 ,7 ,3 ' , ^ ' - t e t r amethy l ether (Jrg-IMH) 
I t was c rys ta l l i zed from CHCl,^e0H as l i g h t yellow 
needles (~10 mg), mp 194-195°C. 
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UV absorption (X max"" ) 
MeOH 
+ AlCl^ 
+ AlCl^ + HCl 
+ NaOAc 
NaOAc + H,BO, 3 ^ 
252, 
260, 
258, 
250, 
251, 
360 
A19 
418 
362 
360 
Quercetin 3-0-oc-L-rhanjnopyraJioside ( J r g - I I ) 
I t was c rys ta l l i zed from MeOH as yellow cubes (260 mg), 
mp 186-187°C, R^ 0.74 (BAW). 
Quercetin 3-0-oc-L-rhamnopyranoside hepta ace ta te ( J r g - I I A ) 
J r_ - I I (50 mg) was acetylated with AcpO and pyridine 
to give an ace ta te J r g - I I A (30 mg). The product on c r y s t a l l i -
zation from CHC1,-I4^H yielded colourless needles , rap 150*^C. 
''H-NMR (CDCl^): Values on 8 - sca le 
6,86 (d^ rri,J= 2.5Hz, H-6); 7.32 (d ,1H,J=2.3iz ,H-8); 
7.46 (d,1H,J=9Hz, H-5 ' ) ; 7.90 (d,1H,J=2.5iz, H-2 ' ) ; 7.80 
(q, 1H, J=9&2.5Hz, H-6'); 3 . 23 -3 .46 (m, 1H, H-5"); ^ . 9 3 - 5.20 
(m,3H,H-2",H-3'',H-4"); 5.68 (d,lH,J=2Hz, anoraeric proton H-1"); 
1.97,2,12 (9H, Aliphatic OAc of rhamnose moiety); 2 .31 , 2.43 
(12H, aromatic GAc); 0.88 (d,3H,J=7Hz, rhamnose methyl). 
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Hydrolysis of JPg-H 
Acid hydrolysis of J r g - H (30 mg) with 6% aq. HCl gave 
rhamnose (PC) and an aglycone (J rg-HH ) mp 314°C iden t i f i ed as 
quercetin by chromatographic and UV spectra l s tudies and also by 
comparison with the authentic sanple, 
Permethylation of J rg - I I 
J rg - I I (100 mg) was peimetrelated as before and was 
hydrolysed with 8% aq. HCl. The hydrolysed products were i d e n t i -
f i e ld as 5 ,7 ,3 ' ,4»- te t ramethyl ether of quercetin (Jrg-IIMH) and 
2,3,4-tri-O-methyl-L-rhamnose, R^ 0.76 /"TLC, ( s i l i c a gel G), 
toluene-methanol, 4:1_7» 
Quercetin 5 ,7 ,3 ' , ^ ' - t e t ramethy l ether (Jr-IIMH) 
I t was c rys t a l l i zed from CHCl,-MeOH as l i g h t yellow needles 
( - 40 mg), mp 195-196^C. 
UV Absorption (X max^) 
neuK 
+AICI2 
+AICI2+ HCl 
+Na0Ac 
+Na0Ac + H-.BO^ 3 3 
^ 5 1 , 
261 , 
259, 
252, 
250, 
360 
421 
419 
362 
361 
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Extraction of Biflavonoids from the Leaves of Cupressus 
lucltanlca (Cupressaceae) 
Air dried powdered leaves (3 kg) of Citpressus 
lucitanica (procured from Royal Botanical Garden, Godawari, 
Lalitpur, Nepal) were completely extracted with hot acetone and 
the solvent distilled off first at atmospheric pressure and then 
under reduced pressure to provide gummy dark green residue. 
After exhaustive treatment with petroleum ether (60-80 ) and 
benzene, the residue was refluxed with ethyl acetate for 24 hrs, 
filtered and the filtrate evaporated to give a dark brown mass 
(16 g) which responded to the usual colour tests for flavonoids. 
Purification of flavonoid ml:>cture by column chromatography 
The crude flavonoid m.lxture (16 g) was adsorbed on 
silica gel (50 g) and transferred over to a column of silica 
gel ( 2 ^ g) set with petrolenam ether (60-80°). The column was 
eluted successively with petroleum ether (4o-60°), benzene, 
chloroform, benzene-ethylacetate (9:1, 4:1, 3:2) and acetone. 
The fractions eluted with benzene-ethylacetate and acetone gave 
usual flavonoid colour tests. These were combined and the 
solvent distilled off to give a yellowish brown solid ( 5g ). 
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Separation of flavonoid mixture - preparative thin layer 
chromatography 
The yellowish brown solid obtained as above was 
examined by TLC (silica gel, BDH) using benzene-pyridine-
formic acid (BPF- 36:9:5) as the developing solvent systan, 
which showed four cong)act spots in UV light, labelled as 
C1-I(R^ 0.17), C1-II(R^ 0.37), C1-III(R^ 0.55) and Cl-IVCR^ 0.61). 
The yellowish brown solid (5g ) was dissolved in pyridine and 
the solution was subjected to preparative TLC (BPF- 36:9:5) to 
yield Cl-I (500 mg), C1-II(A00 mg), CI-111(200 mg) and Cl-IV 
(30 mg). 
Cl-I 
Cl-I (200 mg) was methylated using dimethyl sulphate 
(1.5 ml) and anhydroiis potassium carbonate (5 g) in dry acetone 
(500 ml) and worked up as usual. The methylated product on TLC 
examination showed the presence of amentoflavone and cupressu-
flavone (R^ values and characteristic fluorescence in UV light)^ . 
They were separated by preparative TLC into two fractions d-IM 
and Cl-IMII. 
I-4« ,11-4' ,1-5,11-5,1-7,II-7-Hexa-O-methyl [1-V ,II-8__7biflavone 
(Cl-INI). 
It was crystallized from CKCl,-*le0H as colourless needles 
(130 mg), m.p, 226-227^, R^ 0.^ fluorescent yellow in UV light. 
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''H-NMR (CDCl,) : Values on 5 - scale 
6.36 (d,1H, J = 2.5Hz, H-I-6); 6.56 (d,1H, J=2.5Hz, 
H-I-8); 6.63 (s,1H,H-II-6); 6.52 (s,1H,H-I-3); 6.54 (s,1H, 
H-II-3); 7.93 (q,1H,J^3Hz, J2=9Hz, H-I-6'); 7.85 (d,1H,J=3Hz, 
H-I-2'); 7.12 (d,1H,J=9Hz, H-I-5'); 7.38 (d,2H,J=9Hz, H-II-2',6«); 
6.7 (d,2K,J=9Hz, H-II-3',5'); 4.o6 (s,3H,OCH^-II-5); 3.9^ (s,3H, 
OCH^-I-5); 3.92, 3.84 (each s, 6H, 0CH^-I-7,II-7); 3.82, 3.78 
(each s,6H,0CH^-I-4',II-4'). 
I-4» ,11-4' ,1-5,11-5,1-7,II-7-Hexa-O-methyl ^I-8,II-8_7biflavone 
(Cl-IMII). 
Cl-IMII on c rys t a l l i z a t i on from CHCl,-MeOH gave colourless 
needles (80 mg), mp 296-297°C, R^ 0.44 (BPF) f luorescent orange i r 
UV l i g h t . 
^n-nm (CDCl,) : Values on g - sca le 
7.2s (d,4H,J=9Hz, H - I - 2 ' , 6 ' , I I - 2 ' , 6 « ) ; 6.74 (d,4H,J=9Hz, 
H - I - 3 ' , 5 ' , I I - 3 ' , 5 ' ) ; 6.56 (s ,4H,H-I-3,11-3,1-6,11-6); 4.11 ( s , 
6H^X)CH^I-5,XI-5); 3.84 (s ,6H,0CH^-I-4 ' ,11-4 ') ; 3.75 (s,6H,0CH^-
1-7,11-7). 
Cl - I I 
The fraction Cl-II was found to be the mixture of hino-
kifLavone and monomethyl ether of amentoflavone (minor) by TLC 
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examination of Cl-II and i t s completely methylated products 
(R^ values and cha rac t e r i s t i c shade in UV l igh t )^ ' ' Cl-II (200 mg) 
was therefore , subjected to CCD separation between ethylmethyl-
ketone and borate buffer (pH 9.6) which yielded only one component, 
Cl- I Ia (120 mg). The other component could not be recovered, 
I I - 4 ' , I -5 , I I -5 , I -7 , I I -7-Pentahydroxy /~I-4«-0-II-6__7biflavone 
(Cl - I Ia ) 
Crysta l l ized from MeOH as yellow cubes (100 mg), mp 344-
345°C, Rf 0,37 (BPF). 
I I -4 ' ,1 -5 ,11-5 ,1-7 , I I -7-Pentaace toxy / " I -4 ' -0 - I I -6_7bi f lavone 
(Cl-IIaA). 
Cl-I Ia (60 mg) was acetyla ted with ace t ic anhydride and 
pyr id ine . The product on usual work up and c r y s t a l l i z a t i o n from 
CHCl^ -MeOH yielded colourless needles (4o mg), mp 239-2A0°C, 
' ' H - M R (CDCl,) : Values on § - s c a l e 
6.90 (d,m,J=2H2, H-I-6); 7.52 (d,1H,J=2Hz, H-I-8); 7,20 
( s , 1H,H-II-8); 7,76* (s,1H,H~I-3); 6.66* (s ,1H,H-II-3) ; 8.01 
(d,2H,J=9,5Hz, H - I - 2 ' , 6 ' ) ; 7.98 (d,2H,J=9.5Hz, H - I I - 2 S 6 ' ) ; 6,25 
(d,4H,J=9.5Hz, H-I-3«,5» and I I - 3 ' , 5 ' ) ; 2,44, 2.36, 2,26, 2,14, 
2,12 (s,3H each, 5x0Ac) , 
•Al t e rna t ive assignment i s poss ib le . 
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C1~III 
R^ values and shade in UV light of Cl-III and its per-
methyl ether showed it to be mono-O-methyl hinokiflavone. It was 
acetylated and subjected to H-NMR spectral analysis to locate 
the position of methoxyl group. 
1-5,11-5,1-7,II-7-Tetraacetoxy-II-4«-0-methyl fl-k^ -0-II-6_7 
biflavone (Cl-IIIA) 
Cl- I I I (6o mg) was acetylated with AC2O and pyridine 
and c rys t a l l i zed from CHCl,-MeOH as colourless cubes (40 mg), 
mp 246-247°C. 
^H-NMR (CDCI3): Values on g . sca l e 
7.82 (d,2H,J=8.5Kz, H-I-2«,6«); 7.85 (d,2H,J=8.5Hz, 
H - I I - 2 ' , 6 « ) ; 7.05 (d,4H,J=9.5Hz, H - I - 3 ' , 5 ' , 1 1 - 3 ' , 5 ' ) ; 7.01 ( s , 
1H,H-II-8); 7.43 (d,1H,J=2Hz,H-I-8); 6.82(d,1H,J=2Hz, H-I-6); 
6.58 ( s ,2H,H-I -3 , l I -3 ) ; 3.87 (s ,3H,0Me-II-4 ') ; 2.12, 2.26, 2.35, 
2.43 (each s, 12H, 4x0Ac). 
Cl-IV 
Cl-IV (minor): R^ values and characteristic fluorescence 
in UV light of Cl-IV and its permethyl ether (obtained by methyla-
tion with Me2S0^ and K2C0^ in dry acetone) showed it to be di-
methyl ether of hinokiflavone^ \ 
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Extract ion of Chemical Constituents from the Leaves of 
S te rcu l i a urens (Sterculiaceae) 
Dried and powdered leaves of Stercul ia urens (^ kg) 
(procured from Aligarh, India) were exhausted with hot methanol. 
The combined methanol ext racts were concentrated f i r s t a t a t -
mospheric pressure and then under reduced pressure to give a 
gummy dark green mass. This was t r ea t ed exhaustively with p e t -
roleum ether (60-80*^), benzene and then with hot water. The 
petroleum ether and benzene f ract ions were combined and concen-
t r a t e d to give a greenish gummy mass (5 g) which was analysed for 
non-flavonoidic cons t i tuents . The water soluble port ion was 
extracted with butanol and the ext rac t dried i n vacuo to give a 
dark brown viscous mass (3 g) which gave usual colour t e s t s for 
flavonoid glycosides. The water insoluble f ract ion contained 
reported chalcone (TLC examination) and was not studied in d e t a i l . 
Separation of flavonoidic mixture (water soluble por t ion) 
The brown viscous mass (3 g) obtained from water soluble 
por t ion on chromatographic examination (paper Whatman No, 3, 
BAW- 4:1:5 and TLC polyamide, MeOH-H20 - 95:5) showed two f lavo-
noidic spots whichwere separated by paper chromatography and 
subsequently pur i f ied by column chromatography (Polyamide) to 
y i e l d S u g - I (R^ 0.45, 500 mg) and Sug-II (R^ 0.54, 200 mg). 
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Quercetin 3-'0-(6"~0~q<'''L-rhamnopyranosyl)- fi - D-glucopyranodlde 
Yellow cubes (MeOH- EtOAc), R^ 0.A6 (BAW- 4:1:5), 
mp 188-190°C. 
UV spect ra l sh i f t s data (nm) of Sug-I 
MeOH 
^ (nm) 
+ NaCMe 
+ AlClj 
+ AlCl , + HCl 
+ NaOAc 
+ NaOAc + H^O^ 
A c e t y l a t i o n of SUg-: 
258, 
272, 
276, 
270, 
272, 
263, 
L 
265sh, 298s] 
328, A07 
432 
303sh, ^ 1 
323, 389 
301, 383 
Sug-I (200 mg) dissolved in 2 ml pyridine was added to 
4 ml ace t ic anhydride and heated on a water bath for 3 h rs . 
The react ion mixture was cooled and worked up as usual and crys-
t a l l i z e d (CHCl,-Me0K) t o give an ace ta te 3Ug-lA (150 mg) 
mp 135°C. I t was subjected to ' 'H^JKR and ''^C-It'IR spectra l deter-
minations. 
''H-NiyiR (CDCI3) • ^^l^ss on 5 - sca le 
7.32 (d,1H,J=2.5Hz, H-8); 6^84 (d,1H, J=2.5H2, H-6); 
7.95 (d,1H,J=2,5Hz, H-2« ); 8.02 (q^1H,J=^2,5 & 9Hz, H-6 ' ) ; 
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7.35 (d,1H,J=9Hz, H-5'); 3.35-3.60 ^ m,AH,H-5,6(glucosyl), 
H-5(rhainnosyl)_7; 4.52 (d,1H,J=2Hz, rhamnosyl (H-1'»«), 
5.05-5.30 (6H,H-2,3,4-glucosyl, H-2,3,4-rhainnosyl); 5.35 
(d,1H,Jaa=7Hz,H-1"); 0.91 (m,3H,rhamnosyl methyl); 2.30-2.45 
(12H, four aromatic acetoxyls); 1.92-2,15 (18H, six aliphatic 
acetoxyls). 
''^ C-NMR (DMSO-dg): Values in ppm 
156.6l(C-2), 133.49(0-3), 177.46(0-4), l6l.3(C-5), 
99.0(0-6), 164.48(0-7), 93.88(0-8), 156.79(0-9), 104.05(0-10), 
121.38(0-1'), 115.41(0-2'), 144.84(0-3'), 148.54(0-4'), 116.45 
(0-5'), 121.78(0-6'), 101.49(0-1"), 73.9(0-2"), 76.80(0-3"), 
70.78(0-4"), 75.96(0-5"), 67.0(0-6"), 100.84(0-1"'), 70.52 (0-2"'), 
70.19(0-5"' ), 72.09(0-4"'), 68.32(0-5^ ), 17.7(0-6"' ). 
Hydrolysis of Sug-I 
An alcoholic solution of SUg-I (30 mg) was heated with 
8% aqueous hydrochloric acid on a water bath. Heating was 
continued for 2 hrs to ensure complete hydrolysis. The yellow 
solid separated from the aqueous iiydrolysate was filtered off 
and crystallized from methanol to give yellow needles of the 
aglycone (Su^iH), mp 315°0 showed no depression in n?) on admix-
ture with authentic sample of quercetin. 
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Chromatographic Iden t i f i ca t ion of sugars 
The f i l t r a t e was passed throxigh a polyamide colximn to 
remove t races of aglycone matter. The eluate was then neutra-
l i z e d with Amberlite IR-45(0H), f i l t e r e d and evaporated to 
dryness in vacuo. The residue was examined by paper chromato-
graphy (BAW- 4:1:5) and the chromatogram was developed by a 
spraying with a n i l i n e hydrogen phthalate and heating a t v^  110 
for 5 minutes. The sugars were iden t i f ied as D-glucose (R^ 0.18) 
and L-rhamnose (R^ 0,36) by comparison with authentic sugars 
(R^, Co- PC and colour developed by an i l ine hydrogen phthala te 
found iden t i ca l with authent ic sugars) . 
P a r t i a l hydrolysis of SUg-I 
The glycoside (4o mg) in alcohol (4 ml) was hydrolysed 
by refluxing with 1% HpSO. on a water ba th . Aliquots were taken 
out a t different i n t e r v a l s and examined by paper chromatography 
(BAW). After one hr i t yielded a glycosidic compound designated 
as SUg-Ia and a sugar, L-rhamnose (PC). SUg-Ia was pur i f ied by 
paper chromatography which on c r y s t a l l i z a t i o n from MeOH gave 
yellow needles (20 mg) mp 235-237°, UV-spectral sh i f t s data same 
as Sug-I. 
Acid hydrolysis of SUg-Ia 
SUg.-Ia (10 mg) on hydrolysis with 85b Hd fear" two hrs 
yielded an aglyoone, iden t i ca l with Su„-H in n^), R^ and UV spectra] 
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data found conparable with tha t of quercetin and a sugar. The 
sugar was iden t i f i ed as glucose by PC. 
Enzymic hydrolysis of Sug-Ia 
Sug-Ia (2 mg) was hydrolysed with emulsin prepared from 
almond a t 30-40° for 70 h r s . Liberation of glucose in the 
hydrolysate was confirmed by paper chromatography. 
UV spec t ra l sh i f t s of (SujiH) ( Xmax^) 
MeOH 
+NaCMe 
+A1C1^ 
+NaOAc 
+NaOAc + H3BO3 
Permethylation 
256, 269sh, 302sh, 372 
247,323 
272, 304sh, 332, 457 
258sh, 273, 331, 389 
264, 303sh, 202. 
of the glycoside (Sug-I) 
Sug-I (100 mg) was pei-methylated by Hakomori's method 
and vras pur i f ied by preparatory TLC using CgHg-MepCO (4:1) as 
t h e deveLoping solvent system to afford the permethylated 
glycoside (S\ig-IM, 60 mg). 
Hydrolysis of the permethylated glycoside 
Permethylated glycoside (Sug-IM) (60 mg) on hydrolysis 
with k i l i a m mixture (H0Ac-H(rL-H20-7:3:l0) gave quercet in-5 ,7 , 
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3 ' , A ' - t e t r a m e t h y l e t h e r (Sug-IMH) 2 ,3 ,4 - t r i -O-methy l -D-g lucose 
(R^ 0.54) and 2 , 3 , A - t r i - 0 - m e t h y l L-rhamnose (R^ 0 . 7 5 ) . The 
p a r t i a l l y methylated sugars were i d e n t i f i e d on TLC ( s i l i c a g e l , 
Toluene-MeOH- 4:1) by comparison of R^ va lues and co lour developed 
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of t h e same sugars r e p o r t e d i n t h e l i t e r a t u r e . 
Querce t in 5 ,7 ,3 ' , 4« -Te t r ame thy l e t h e r (Sug-IMH) 
Light yel low needles (CHCl^-MeOH), mp 194-196°C. 
UV absorp t ion (Xmax^^ ) 
MeOH 252, 359 
+ AlCl , 261 , 419 
+ AlCl^+HCl 260,419 
+ NaOAc 253, 362 
+ NaOAc+H^O, 251, 360 
Kaempf e r o l 3 -0- (6" -O- oC-L-rharonopyranosyl)- P -D-glucopyranoside 
( S u g ~ I l ) 
Yellow cubes (MeO£-EtOilc), R^ 0 .54 (BAW-4:1:5) 
mp 153-154°C. 
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UV spectra l sh i f t s data (nm) of Sug-II 
MeOH 253sh, 266, 294sh, 322sh, 367 
A 
max 
+ NaOFie 265sh, 275, 303sh, 382sh, A27 
+ AlCl^ 260sh, 268, 303sh, 337, 387 
+ AlCl^+HCl 260sh, 269, 3C)3sh, 339, 387 
+ NaOAc 274, 303, 387 
+ NaOAc+H^BO^ 267, 297sh, 320sh, 372 
''H-NMR (D>jSO-dg): Values on g -scale 
8.02 (d,2H,J=9Hz, H-2«,6«); 6.9 (d,2H,J=9Hz, H-3',5'); 
6.35 (d,1H,J=2.5Hz, H-8); 6.23 (d,1H,J=2.5Hz, H-6); 5.30 (d,1H, 
J=7Hz, H-1" of glucose); 4,43 (s,fi-1" of rhamnose); 3.24-4.27 
(sugar protons); 1.05 (d,3H,J=6Hz, rhamnose methyl) 
Acetylation of Sug - II 
SUg.-II (90 mg) dissolved in 2 nO. pyridine was added to 
4 ml- acetic anhydride and heated for 3 hrs- on a water bath. The 
reaction mixture was cooled, poured, on to crushed ice, filtered, 
washed with water and dried to give Su_.-IlA (60 mg) mp 89 C. 
o 
1 
It was subjected to H-NMR spectral analysis. 
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''H-NMR (CDCl,): Values on 5-scale 
6.87 (d,1H,J=2.5Hz, H-6); 7.20 (d,1H,J=2.5Hz, H-8) 
7.32 (d,2H,J=9Hz, H-3',5'); 8.10 (d,2H,J=9Hz, H-2',6«); 
3.36-3.66 ^m,4H, H-5'',6"(glucosyl), H-5'" (rhainnDsyi)__75 
4.53 (d,1H,Jee = 2Hz, rhamnosyl (H-1"' ); 5.10-5.25(6H, H-2'',3", 
4"-glucosyl, H,2"», 3"', 4"'-rhamnosyl); 5.37 (d,1H, Jaa=7Hz, 
H-1"); 1.06 (in,3H,J«6cps rhamnosyl methyl); 2.31-2.45 (9H, 
three aromatic acetoxyls); 1.95-2.13 (18H, six aliphatic acetoxyls). 
Hydrolysis of Sug-II 
An alcoholic solution of SUg-H (50 mg) was heated with 
7% aqueous hydrochloric acid on a v/ater bath. Heating was con-
tinued for 3 hrs to ensure complete hydrolysis. The yellow solid 
separated from the aqueous hydrolysate was filtered off and was 
crystallized from methanol to give yellow needles of the aglycone 
(SUg-IIH) mp 276°C showed no depression in mp on admixture with 
authentic sample of kaempferol. 
Chromatographic identification of sugars 
The filtrate was passed through a polyamide column to 
remove traces of aglycone matter. The eluate was then neutrali-
zed with Amberlite IR-45 (OH), filtered and evaporated to dryness 
in vacuo. The residue was examined by paper chromatography (BAW-
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4:1:5) and the chromatogram was developed by spraying with 
aniline hydrogen phthalate and heating at ^110° for 5 minutes. 
The sugars were identified as D-glucose (R^ 0,18) and L-
rhamnose (R^ 0.36) by comparison with authentic sugars (R^, 
colour and Co-PC), 
Partial hydrolysis of Su -II 
SUg-II (20 mg) in alcohol was heated with 1% H2S0^ for 
1 hr. on a water bath when only rhamnose was released as the 
sugar (PC), The hydrolysed glycoside (SUg-IIa) on acidic 
(8% HCl) and ©izymic (emulsin) hydrolysis as described in the 
case of Sug-Ia gave kaempferol (R^, mp, mmp and UV spectral data) 
and D-glucose (PC). 
Permethylation of Sug-II followed by hydrolysis 
SUg-Il (50 mg) was methylated by Hakomori's method as 
described earlier and the permethylated glycoside obtained was 
hydrolysed with a mixture of H0Ac-HCl-H20-7:3:10 to yield 
kaempferol 5,7,4'-trimethyl ether, 2,3,4-tri-O-methyl-D-glucose 
and 2,3,4-tri-O-methyl-L-rhamnose, identified by coiqjarison with 
authentic samples. 
Purification and separation of non-flavonoidic mixture 
Greenish gummy mass (5g)on TLC (silica gel) (petrol 
benzene, 1:1) showed four major spots, labelled as Su-I (R^ 0^05), 
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Su-II (R^ 0.16), Su-III (R^ 0.55) and Su-IV (R^ 0 .58) , i n the 
order of increasing R^ values. They were separated by repeated 
column chromatography using p e t r o l , petrol-benzene, benzene and 
benzene-ethylacelate as the eluant . 
P~ s i t o s t e r o l (Su-I) 
The e lut ion of the coliomn by benzene-ethylacetate (9:1) 
afforded a white so l id compoxmd which on c ry s t a l l i z a t i on from 
Me2C0, gave white needles (R^ 0.05, 150 mg) mp 136-137°C. 
iR^f^(c.-^) 
3250, 2908, 2820, 16^, 1445, 1380, 1370, 1360, 1060, 
1040, 835, 810. 
''H-NMR (CDCl,): Values on 5-scale 
0.68 (s,3H,18-4^ ie); 0.74 (d,3H,J=6.8Hz 28-Me); 0.84 
(d,6xH,J=6.5Hz, 26,27-Me); 0.92 (d,3H,J=6.5Hz, 21-Me); 1.01 
(s,3H,19-Fie); 3.52 (m,1H,3-ax); 5.15 (m,1H, hydroxyl protx>n); 
5.39 (m,1H,0lefinic proton) 1.07-2.34 (-CH2 and -CH protons of 
cyclic system and side chain). 
p- amyrin (Su-II) 
Elution of the column by petrol-benzene (1:1) afforded 
a white sol id compound which on c r y s t a l l i z a t i o n from pe t ro l gave 
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white needles ( «- 200 mg) mp 196-197°C. 
''H-NMR (CDCl^); Values on 8 -scale 
0.78(s,3H); 0.83(s,3H); 0.88 (s,6H); 0.95 (s,3H); 
0.98 (s,3H); 1.0 (s,3H) 1.14 (s,3H); 1.08-2.01 (-CH2 and -CH 
protons of cyclic system and side chain); 3.21 (dd,1H, J=9 
and 7Hz); 4.88 (a broad singlet, 1H, - 0-H proton), 5.21 
(m,1H, olefinic proton). 
Ester of terephthalic acid (Su-llI) 
It was eluted from benzene-ethylacetate (1:1) which on 
crystalli2:ation from benzene-chloroform gave colourless 
needle shaped crysteils (100 mg) nrp 142°C, 
IR ^ (Cm ) 
max 
2940, 2830, 1730, 1530, 1500, 1430, 1405, 1381, 1337, 
1270, 1185, 1105, 1010 and 950. 
''H-NMR (CDCl,): Values on g-scale 
3.91 (s, 6H); 8.11 (s, 4H). 
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Mass fragmentation 
ra/e ( r e l i n t . ) ; 19A (M)t (22.7); m/e 164 (10.3) ; 
m/e 163 (100); m/e 135 (28.5); m/e 104 (7.6) and m/e 103 (15.6), 
3»acetyl- p -amyrin (Su~IV) 
Elution of the colxjmn by petrol-benzene (9:1) afforded 
a white solid compound which on crystallization from benzene 
gave colourless cubes (120 mg) mp 239*^ 0. 
kBr 1 
IR \J (Cm"') 
max 
2900, 1730, 1460, 1420, 1380, 1370, 1250, 1025, 908 
and 815. 
''H-NMR (CDCl,); Values on 5-scale 
0.79 (s,3H); 0.84 (s, 12H); 0.94 (s,6H); 1.08 (s,3H); 
1.22-1.85 (-CH2and -CH protons); 1.99 (s-,3H, CH^CO-); 
4.44 (dd, 1H, J= 10 & 7Hz), ^ CH-OAc) showed it to be secondary 
and ai; 6 5.^ (t, 1H, J= 4H2). 
Mass fragmentation 
m/e (rel.int); 468 (5.68); 453 (2.09); 408 (I.06); 
393 (1.17); 218 (100), 203 (34.09); 133 (6.81); and 175 (6.81). 
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Alkaline hydrolysis of Su-IV 
The compound (70 mg) was heated and refluxed with 10% 
alcoholic NaOH for 4 hours. It was then acidified with hydro-
chloric acid and extracted with ether. The ethereal extract 
was washed, dried over NapSO^ ,, evaporated and subjected to 
silica gel column chromatography, Elution of the column with 
petrol-benzene (1:1) afforded a white solid compound which was 
crystallized from petrol as wMte needles (35 mg) mp, R^ value 
was the same as that of p -amyrin. 
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Chemical constituents of the Leaves of Salix babylonica 
(Salicaceae) 
Leaves of Salix babylonica (4 kg) procured from Royal 
Botanical Garden, Godawari, Lalitpur (Nepal), after thoroughly 
defatting by repeated treaianent with light petroleum were 
exhaustively extracted with methanol. The combined methanol 
extracts were concentrated under reduced pressure and the con-
centrate was treated successively with petroleum ether (60-80 ), 
benzene and chloroform. The gummy residue (20g ) obtained was 
refluxed with ethylacetate for 12 hrs to give ethyl acetate 
insoluble and ethyl acetate soluble fractions. 
Purification of ethyl acetate insoluble portion by column 
chr omat ography 
The ethyl acetate insoluble fraction (10g) was adsorbed 
on silica gel (50g)and transferred to a column of silica gel 
OOOg ) set with chloroform. The coliamn was eluted with CHCl^-
MeOH (9:1, 8^2, 7:3 and 5:5). The last three fractions (8:2, 
7:3 and 5^5) showed on TLC (silica gel, BDH, EtOAc-MeOH-HgO-a-
ltl) three spots by spraying with perchloric acid and heating 
for V- 10 minutes. These were mixed and concentrated to a diirty 
white solid (2g) \riiich was fractionated over a silica gel column 
using EtOAc-MeOH-H20 (8:1:1) as the eluant. The fractions 
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(5nil ) were monitored by TLC, Fractions 10-25 afforded Sb_-I 
(R^ 0,62, 200 mg), 30-50 gave Sbg-II (R^ 0.53, 300 mg) and 60-95 
yielded Sb -III (R^ 0.41, 500 mg) in the pure form. 
Purification of ethyl acetate soluble portion by column 
chromatography 
The ethyl acetate soluble fraction was concentrated to 
a brown mass (3.5g) which responded to the usual colour tests for 
flavonoids. It was adsorbed on silica gel (20g ) and transferred 
to a column of silica gel (150 g) set with petroleum ether 
(60-80 ). The column was eluted with benzene and benzene- ethyl 
acetate. The fraction obtained with benzene-ethyl acetate (1:1) 
showed a single spot on TLC (silica gel, BDE, petrol- CgHg-5:5) 
which on repeated crystallization frooa CgHg-CHCl, yielded a crys-
talline compound, Sb-X (80 mg), 
Elution of the column with benzene-ethyl acetate (3:7, 
1:4 and 1:9) afforded flavonoid glycosides (positive Shinoda and 
Molisch tests). The fractions were combined and concentrated to 
a viscous mass (1,5g ) which on chromatographic examination (PC, 
Whatman No. 1, 15% acetic acid; TLC, Polyamide, MeOH-H20-95:5 ) 
showed three spots under UV light. These were separated and puri-
fied by preparative PC (Whatman No. 3, 15% HOAc) followed by 
column chromatography (silica gel) to yield Sb^ ^ -I (R^ 0,13, 
200 mg), Sb» -II (R^ 0.23, 150 mg) and Sb^ -III (R^ 0.34, 100 mg). 
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Benzylester of gentisic acid 2'-0-acetyl- p -D-glucoside (Sbg-I) 
It was crystallized from methanol into needle shaped 
crystals, mp 170-171*^ 0. 
''H-M4R (DMSO-dg): Values on 5-scale 
3.29-3.57 (m, 5 protons of C^,-H, C^,-H, C^,-H and C^.-H); 
4.52 (d,J=7Hz, C^,-H); 4.63-5.34 (unresolved peaks for C2,-H, 
C,,-OH, C^,-OH, Cg,-OH and C^^-^); 6.81- 7.74 (m, 8H, aromatic 
protons); 10,46 (s,1H, phenolic H); I.96 (s,3H,0Ac). 
Mass (m/e) 
244(23,07); 205(33.3); 187(17.94); 145(15.38); 127(25.6); 
137(10.25); 107(100) base peat:; 91(2.56); 43(66.7). 
IR 1/°^ ^^  (Cm-'') 
kBr 
3500 (sharp); 3250 (hydrogen bonded OH gp.); 1730 (acetyl 
carbonyl); 1678 (aromatic C=0 conjugated); 1612, 1492; 1482; 
139O; 1302; 1250; 1230; 1215; II96; II60; 1118; 1081. 
Found: C, 58.77; H, 5.26% calculated for C22H240^ 10 ^* 58.93; 
H, 5.39%. 
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Enzymic hydrolysis of Sbg-I 
20 mg sample of Sbg-I was hydrolysed with R - glucosidase 
i n c i t r a t e phosphate buffer a t 37°C for 30 hrs mixture was ex-
t r a c t e d with e thylacetate to separate the aglycone. Evaporation 
of the ethylacetate layer gave a solid which was c rys ta l l i zed 
from CHCl,-MeOH in to the needle shaped c ry s t a l s , mp 103-105°C, 
iden t i f i ed as tr ichocarpigenin by mmp and conqparing R^ value with 
the authentic one. 
The aqueous layer was acidi f ied with HCl and heated for 
3 hrs on a water bath. The product was pur i f ied by passing 
through a polyamide column, neutral ized with Amberlite I R - 45(OH), 
and examined by paper chromatography as usual . The sugar was 
i den t i f i ed as D-glucose by PC. 
Benzyl es ter of gen t i s i c acid P-D-glucoside (Trichocarpin) 
(Sbg-I l ) 
I t was c rys ta l l i zed from methanol in to needle shaped 
c r y s t a l s , np 137°C, 
''H-NMR (DMSO-dg): Values on 8 - s c a l e 
3 ,28- 3,71 (m, 6 protons of C2,-H, C^,-H, C^,-H, Cc.-H 
and Cg,-H); 4,^9 (d,1H,J=7Hz, C^,-H anomeric pro ton) ; 4.77, 4.88, 
4 .93 , 5,23 prominent peaks from complex resonances, Cpj-QH, 
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Cj.-OH, C ,^-OH and Cg,-OH); 5.45 (s,2H,C^2-^); 6 . 9 0 - 7 . 8 4 
(m,8H, aromatic protons) ; 10,5 Cs,1H,phenolic proton) . 
Mass (m/e) 
244(12.82); 163(0.66); 145(1.92); 137(12.82); 127(1.92); 
107(100); 91(7.69), 
3330; 1670 (aromatic C=0 conjugated); 1610; 1490; 1480; 
1395; 1325; 1307; 1245; 1215; 1189; 1160; 1118; 1075 and 1047. 
Found: C, 59.23; H, 5.31% calculated for C^Q^^Z'^^' ^ » 5 9 . 1 1 ; 
H, 5.45%. 
Enzymic hydrolysis of Sb - I I 
20 mg sample of St>--II was hydrolysed with p -glucosidase 
in c i t r a t e phosphate buffer (pH ^ 6, prepared by dissolving 
Na2HP0^ • 7H2O, 5.88g and c i t r i c acid 1.84g in 450 ml water) 
a t 37°C for 24 h r s . The react ion mixture was extracted with 
e thylace ta te to separate the aglycone. Evaporation of the ethyl 
ace ta te layer gave a so l id Sb - I I H . 
Trichocarpigenin (Benzyl es te r of g e n t i s t i c acid)(Sb _ I I H ) 
Sb - I I H was c rys t a l l i zed from CHCl^ -FieOH to give white 
needle shaped c rys t a l s (-^lOnig), ng) 104-106°C. 
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iR v;^ (c-) 
3A00, 1680, 1632, 1604, 1483, 1389, 1304, 1270, 1211, 
1130, 1078. 
Chromatographic Identification of sugar 
The aqueous layer was passed through a polyamide column 
to remove the aglycone if any and then neutralized with Amber-
lite IR-45(0H), The neutral concentrated solution was examined 
by paper chromatography (BuOH-HOAc-1^0-4:1: 5 ) and the ciiromato-
gram was developed by spraying with aniline hydrogen phthalate 
and heating at «^  110°C for 5 minutes. The sugar was identified 
as D-glucose by comparison with authentic ssuaple (R^, colour and 
Co-PC). 
Salicin (Sbg-III) 
Crystallized from MeOH-CHCl^ into colourless needles. 
mp 195-196°C. 
Hydrolvsin of salicin 
Sbg-III (30 mg) was hydrolysed with p-glucosidase in 
citrate phosphate buffer at 37°C for 28 hrs. The mixture was 
extracted with chloroform to separate the aglycone. Evapora-
tion of the chloroform layer gave a solid compotind which was 
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c rys t a l l i zed from benzene in to p l a t e l i k e c rys t a l s , mp 86 C, 
iden t i f i ed as sa l icy l alcohol by mmp and comparing R^  value 
with authentic specimen. 
The aqueous layer was analysed for sugar as before and 
iden t i f i ed as D-glucose (R^^ , colour and Co-PC), 
S a l i c i n pentaacetate (Sbg-IIIA) 
Sbg-III (60 mg) dissolved in 1 ml pyridine and 1 ml ace t i c 
anhydride was heated on a water bath for 3 h r s . The react ion 
mixture was cooled and poured on to crushed i c e . The p r e c i p i t a t e 
was f i l t e r e d , washed well with water, dried and c rys t a l l i z ed from 
CHCl,-MeOH to give colourless needles, mp 128-129°C, 
''H-NMR (CDCl,): Values on 5 - s c a l e 
2.05 (S,15H,5K'OAC); 3,66 (m, 1H, C^.-H); 4.24 (m, 2H, Cg-,H); 
5 . 0 2 - 5 . 3 3 (m, 6H, protons of C^,, C2,, C^,, C^,, and C^); 6 . 9 2 -
7.47 (m, 4H, aromatic proirons). 
Es te r of t e r eph tha l i c acid (Sb- X) 
Crys ta l l ized from C^H^-CHCl, as colourless needles 
rap 141°C, Rf 0.55. 
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kBr . 
IR V (Cm"^) 
max 
2943; 2830; 1730; 1535; 1430; 14o4; 1380; 134D; 1271; 
1184; 1102; 1007 and 953 . 
''H-NMR (CDCl,): Values on g - s c a l e 
3.90 ( s , 6 H , 2 x 0 C H j ) ; 8.10 (s,4H,ArH ) 
Kaempferol 7 -0 -g lucos ide (Sb^ -X) 
C r y s t a l l i z e d from MeOH-C^H^ as yellow cubes , mp 227^r;, 
R^ 0.13 (PC, 15% HOAc), R^ 0.56 (PC, BuOH-KOAc - H2C; 4 :1 :5 
upper l a y e r ) . 
UV abso rp t ion ( A max^^ ) 
KeOH 242 sh , 266, 324sh, 365 
+A1C1^ 244 sh , 267, 321 sh , A26 
+A1C1,+HC1 242, 266, 3 l8sh , 423 
+NaOAc 242sh, 265, 322, 381 
+NaOAc+H,BOj 244sh, 266, 325sh, 370 
Acid h y d r o l y s i s of Sb^ - I 
Sb^ - I (20 mg) was d i s so lved i n 1 ml of a l c o h o l and added 
10% HCl (5 in l ) . The s o l u t i o n was hea ted for 3 h r s on a water 
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bath. The cooled solution was extracted with 10 ml of e thy l -
ace ta te t o separate the aglycone. Evaporation of the solvent 
gave a yellow sol id Sb^g-IH, mp 276°C, R^ 0.54 (TLC, s i l i c a ge l , 
BPF-36:9:3) iden t i ca l with kaecrpferol. 
UV spec t ra l data of Sb^ ^ _IH ( X max"^) 
MeOK 
+ AlClj 
+ AlCl^+HCl 
+ NaOAc 
+ NaOAc+H,BO^ 3 3 
Chromatographic 
254sh, 266, 322sh, 367 
262sh, 268, 352, 423 
257sh, 267, 350, 422 
274, 304, 388 
268, 321sh, 372 
identification of sugar 
The aqueous solution was neut ra l ized with Amberlite 
IR-45(0H), f i l t e r e d and evaporated to dryness in vacuo. The 
res idue was examined by paper chromatography with authentic 
sugars . The chromatograms were developed by spraying with a n i -
l i n e hydrogen phthala te and heating a t -~110°C for 10 min. The 
sugar was iden t i f i ed as glucose, 
Apigenin 7-0-galactoside (Sb^ - I I ) 
Sb- - I I was c rys t a l l i zed from MeOH as needle shaped 
c r y s t a l s , R^ 0.61 (PC,TBA-3:1:1), R^  0.23 (PC, 15% HOAc). 
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UV absorption data ( ^max^) 
MeOH 
+ NaCMe 
+ AlCl^ 
+ AICI5+HCI 
+ NaOAc 
+ NaOAc+H^BO, 
Acid h y d r o l y s i s of 
268, 33A 
245sh, 270, 301sh, 387 
277, 385 
276, 341 , 380 
257sh, 267, 357, 386 
268, 341 
Sbfg- I I 
Sb^ -II (10 mg) was hydrolysed with 7% HCl (5 ml) as in 
Sbjf -!• The ethylacetate extract gave an aglycone Sbj^g-IIH, 
mp 348-350^ , did not show depression of mp with authentic 
apigenin. The sugar was identified as galactose by PC, 
UV spectral data of Sb^g-IIH ( ^  max^) 
MeOH 
+ NaCMe 
+ AlCl^ 
+ AlCl^+HCl 
+ NaOAc 
+ NaOAc+H,BO^ 
267, 
277, 
278, 
277, 
276, 
268, 
295sh, 334 
388 
301sh, 382 
338, 379 
305sh, 375 
300sh, 337 
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Chromatographic identification of sugar 
The aqueous layer was extracted with ethylacetate to 
remove traces of aglycone matter and then neutralized with 
Amberlite IR-45(0H), The concentrated solution was examined 
by paper chromatography with authentic sugars (solvent system, 
n-.butanol-benzene-pyridine-water-5:1:3:3) using aniline hydrogen 
phthalate as the spraying reagent. The chromatograms were deve-
loped by heating at >/« 110°C for 5 minutes. The sugar (R^ 0.22) 
was identified as galactose by cpniparison with authentic sample 
(R^, colour and Co-PC). 
Enzymic hydrolysis of Sb^ -II 
Sb- -II (10 ffig) was hydrolysed with emulsin prepared 
from almonds at 35-40*^ C for 72 hrs. Liberation of galactose in 
the hydrolysate was confirmed by C©-chromatography with authen-
tic sxigar. 
Acetylation of 3b^ -II 
A mixture of Sb^ -II (50 mg), pyridine (1 ml) and acetic 
anhydride (2 ml) was heated on a water bath for 2 hrs. The 
reaction mixture was worked-up as described earlier and crys-
tallized from CHCl^-MeOH to give colourless needles of apigenin 
7-0-galactoside hexaacetate (^ mg)(Sb^ -IIA) ngp 198°C. 
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''H-NMR (CDCl,): Values on 5-scale 
7.02 (d,1H,J=2.5Hz, H-8); 6.7 (d,1H,J=2.5Hz, H-6); 
6.59 (s,1H,H-3); 7.87 (d,2H,J=8.5Hz, H-2',6»); 7.24 (d,2H, 
J=8.5H2, H-3',5')j 5.58 (d,1H,J»7Hz, H-l"); 5.05-5.52 (m,5H, 
H-2",H-3", and H-4", of galactosyl residue); 4.23 (s,3H of 
galactose H-5" and H-6" protons); 2.03, 2.08, 2.13, 2.22 (12H, 
four aliphatic acetoxyls); 2.36 (s,3H,0Ac-4»); 2.44 (s,3H,0Ac-5). 
Luteolin 4«-0-glucoside (Sb^ -III) 
I t wsis c ry s t a l l i z ed from MeOH as yellow needles, mp 177-
o^ 178", R^ 0.34 (PC, 15% HOAc). 
UV spectral data of Sb- -III ( ^max^) 
MeOH 
+ NaOMe 
+ NaOAc 
+ NaOAc+H-,BO, 3 3 
+ Aica^ 
+ AlCl^^aCl 
252, 
269, 
273, 
26s , 
272, 
271 , 
267, 290sh, 345 
301sh, 387 
321sh, 368 
349 
295, 391 
295, 385 
Acid hydrolysis of Sb^ -III 
Sb- -III (15 mg) on hydrolysis with 8% HCl for 2 hrs 
yielded an aglycone Sb^ -IIIH (7 mg), mp 328°C and a sugar. The 
sugar was idaitified as glucose by PC, 
UV spectra l data of Sb^ -IIIH ( '^ max"™) 
MeOH 
NaOMe 
NaOAc 
+ AlCl^ 
+ AlCl^-ffiCl 
NaOAc+H,BO, 
2 ^ sh , 253, 267, 290 sh , 350 
265, 330sh, 400 
268, 325sh, 385 
275, 329, A25 
274, 356, 384 
258, 300sh, 371 , 329sh 
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